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Introduction 


The first half of the twentieth century saw sci- 
ence catapult to the world stage as a crucial 
aspect of human knowledge and human rela- 
tions. Revolutions in physics replaced 
Newton’s laws with relativity and quantum 
mechanics, and biologists saw the birth of 
genetics and the mainstreaming of evolution. 
Science was used by racist ideologues to pass 
discriminatory laws, adapted to political ide- 
ology to justify persecution, and used to cre- 
ate the most destructive weapons of modern 
times. Science was at the forefront of social 
controversy, in issues related to race, reli- 
gion, gender, class, imperialism, and popular 
culture. By mid-century, amidst atomic 
bombs and wonder drugs, the practice of sci- 
ence had changed dramatically in terms of 
scale and support, while society tentatively 
and often begrudging accorded scientists a 
status in society unprecedented in history. 


Reinvigoration of Physics 

Although some physicists believed that the 
vast majority of the great discoveries in their 
field had already been made and that future 
work would simply be a matter of establish- 
ing greater precision, the last years of the 
nineteenth century decisively changed that 
view (see Physics). The fundamental discover- 
ies that reinvigorated physics and shaped its 
course throughout the twentieth century 
came from studies of cathode rays, which 
were produced by the discharge of electricity 


through a tube of highly rarefied gas. 
Experiments led to the accidental discovery 
by German physicist Wilhelm Röntgen of X- 
rays, later recognized as an intense form of 
electromagnetic radiation (see X-Rays). The 
strange “see through” phenomenon of X-rays 
inspired more studies, resulting in Henri 
Becquerel’s 1896 discovery of “uranium rays,” 
later called radioactivity (see Becquerel, 
Henri; Radioactivity). The flurry of research 
on mysterious “rays” sometimes yielded false 
identifications of new phenomena, but soon 
researchers realized that the X-rays (resulting 
from electricity) and radioactivity (emanating 
from certain substances without needing any 
“charge” by electricity or by the sun) were 
rather different. The cathode rays were in 
1897 deemed to be streams of particles, or 
“corpuscles.” These little bodies soon came to 
be called electrons (see Thomson, Joseph 
John). Around the turn of the century, Marie 
Curie earned a worldwide reputation for iso- 
lating and identifying radioactive elements 
previously unknown to mankind, such as 
polonium and radium (see Curie, Marie). 
These developments indicated avenues for 
understanding objects even smaller than 
atoms. 

Other fundamental changes in physics were 
theoretical. In 1900, Max Planck attempted to 
fix a mathematical problem of energy distri- 
bution along the spectrum of light. He insert- 
eda tiny constant into equations measuring 
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energy according to frequency, thus making 
energy measurable only as a multiple of that 
tiny number. If theory could be generalized 
into reality, energy existed in tiny packets, or 
quanta (see Planck, Max; Quantum Theory). 
Albert Einstein claimed that if this were true, 
then light itself was not a stream, but rather 
was made up of tiny “photons” that carried 
momentum, even though light has no mass. 
Einstein’s famous equation, E = mc’, made 
energy equivalent to a certain amount of mass 
(see Einstein, Albert; Light). Another of 
Einstein’s well-known ideas, special relativ- 
ity, was first formulated in 1905. It did away 
with the nineteenth-century concept of the 
ether and redefined concepts such as space 
and time. Ten years later, he published a gen- 
eral theory of relativity that provided expla- 
nations of gravitation and argued that light 
itself sometimes follows the curvature of 
space (see Relativity). Quantum theory and 
relativity were controversial in the first two 
decades of the century, and one major vehicle 
for disseminating both ideas was discussion at 
the Solvay Conferences (see Solvay 
Conferences). The bending of light, a crucial 
aspect of general relativity, was observed by 
Arthur Eddington in 1919 during a solar 
eclipse (see Eddington, Arthur Stanley). 

The behavior of electromagnetic radia- 
tion, such as X-rays, continued to inspire 
research during the first few decades of the 
century. In 1912, German physicist Max von 
Laue discovered that X-rays were diffracted 
by crystals (see Von Laue, Max). Based on this 
discovery, Englishmen William Henry Bragg 
and his son William Lawrence Bragg used X- 
rays to investigate crystals themselves, 
because each metal diffracted X-rays differ- 
ently, yielding unique spectra. This was the 
beginning of the new field of X-ray crystal- 
lography, immensely useful in studying the 
properties of metals (see Bragg, William 
Henry; Debye, Peter). But still the proper- 
ties of electromagnetic radiation, such as X- 
rays and the higher-energy “gamma rays,” 
were poorly understood. Major discoveries 
about the interplay of electromagnetic radia- 


tion and charged particles (such as electrons) 
were discovered in the 1920s and 1930s. In 
1923, Arthur Compton noted that changes in 
wavelength during X-ray scattering (now 
known as the “Compton effect”) could be 
interpreted through quantum physics: A pho- 
ton of radiation strikes an electron and trans- 
fers some of its energy to the electron, thus 
changing the wavelength of both. His work 
provided experimental evidence for quantum 
theory and suggested that electrons behave 
not only as particles but also as waves (see 
Compton, Arthur Holly). In 1928, Indian 
physicist Chandrasekhara Raman observed 
that the same is true for ordinary light pass- 
ing through any transparent medium; it also 
changes wavelength, because of the absorp- 
tion of energy by molecules in the medium 
(see Raman, Chandrasekhara Venkata). The 
importance of the medium was paramount, 
because the theoretical rules governing light 
could change, including the notion that 
light’s speed cannot be surpassed. In the 
Soviet Union, Pavel Cherenkov in 1935 dis- 
covered a bluish light emitted when charged 
particles were passed through a medium. The 
strange light was soon interpreted by his col- 
leagues to be an effect of the particles “break- 
ing” the speed of light, which is only possible 
in a transparent solid or liquid medium (see 
Cherenkov, Pavel). 

Studies of electrons provoked new ques- 
tions about the nature of radioactivity and the 
structure of the atom itself. U.S. experimen- 
tal physicist Robert Millikan was the first, in 
1910, to measure the charge of an electron, 
and he determined that all electrons were the 
same. He used the “oil-drop” method, meas- 
uring the pull of an electric field against that 
of gravity (see Millikan, Robert A.). New 
Zealand physicist Ernest Rutherford suggest- 
ed that radioactivity was the “new alchemy,” 
meaning that some elements were unstable 
and gradually transformed themselves into 
other elements. Radioactivity simply was the 
ejection of one of two kinds of particles, 
called alpha and beta, in unstable atoms. Beta 
particles were electrons, and their release 


would fundamentally change an atom’s char- 
acteristics. In 1911, Rutherford devised the 
new planetary model of the atom, based on 
electrons orbiting a nucleus, which replaced 
J. J. Thomson’s “plum pudding” atom with 
electrons bathing in positively charged fluid 
(see Atomic Structure; Rutherford, Ernest). 
Rutherford was a leading figure in experi- 
mental physics, and when he became director 
of the Cavendish Laboratory at Cambridge, 
England, it became the foremost center for 
the study of radioactivity and atomic physics. 
One of the principal tools used at the 
Cavendish was C. T. R. Wilson’s cloud 
chamber, which allowed scientists to actually 
see vapor trails of electrons (see Cavendish 
Laboratory; Cloud Chamber). 


The Debates on Heredity 

While the field of physics was being reborn, 
scientists were founding the science of genet- 
ics and escalating existing debates about 
heredity (see Genetics). Modern theories 
about the inheritance of traits come from the 
1866 work of Gregor Mendel, who was a 
monk in an area that is now part of the Czech 
Republic. He hybridized (cross-bred) vari- 
eties of garden pea plants to analyze the dif- 
ferences in subsequent generations. He found 
that, given two opposite plant traits (such as 
tall or short), one trait was dominant, and all 
of the first generation had the dominant trait, 
without any blending of the two. But in the 
next generation, the less dominant trait came 
back in about a quarter of the plants. This 3:1 
ratio was later interpreted as a mathematical 
law of inheritance. Although Mendel’s work 
went unappreciated for three and a half 
decades, a number of plant breeders, such as 
Dutchman Hugo de Vries, German Carl 
Correns, and Austrian Erich von Tschermak, 
independently resuscitated these ideas in 
1900 (see Rediscovery of Mendel). De Vries 
proposed a new concept—mutation, the 
sudden random change in an organism—as 
the mechanism for introducing new traits, 
which then would be governed by Mendelian 
laws (see Mutation). The most outspoken 
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advocate of Mendelian laws was the English 
biologist William Bateson, who in 1905 
coined the term genetics to describe the sci- 
ence of inheritance based on Mendel’s work. 
He viewed mutation and Mendelism as a pos- 
sible way to account for the evolution of 
species (see Bateson, William; Evolution). 
The Dane Wilhelm Johannsen was the first to 
speak of genes as units that transmit informa- 
tion from one generation to the next, and he 
differentiated between the genotype (the 
type of gene, including its dominant or reces- 
sive traits) and the phenotype (the appear- 
ance, based on which trait is dominant). His 
theory of “pure lines” established the gene as 
a stable unit that could be passed down with- 
out alteration by the environment (see 
Johannsen, Wilhelm). 

The most influential experiments on 
genetics occurred in the “fly room” at 
Columbia University, where Thomas Hunt 
Morgan experimented with fruit flies. 
Because of its short life span, Drosophila 
melanogaster was the ideal creature upon 
which to observe the transmission of traits 
from one generation to the next. Previous 
theories assumed that any introduction of 
new traits into a population would be blend- 
ed so thoroughly that they would not be dis- 
cernable. But Morgan’s fruit flies revealed 
that random mutations could produce new 
traits that were indeed inherited through 
Mendelian laws and, even when phenotypes 
appeared to show their disappearance, the 
traits reappeared later. His work also 
showed that chromosomes, thought to be 
the physical carriers of genes, were subject 
to patterns of linkage. This complicated cal- 
culations of Mendelian inheritance, because 
individual traits were not always inherited 
independently, but instead could only be 
passed down in conjunction with other 
genes. Morgan’s fruit fly experiments con- 
vinced him that individual genes were linked 
together by residing on the same chromo- 
somes. The chromosome theory of inheri- 
tance, devised by Morgan in 1911, implied 
that genes themselves could be “mapped” by 
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locating them on physical chromosomes. His 
student, A. H. Sturtevant, was the first to do 
this, in 1913 identifying six different traits 
dependent on a single chromosome. The 
chromosome theory was assailed by other 
leading geneticists, including William 
Bateson, for about a decade (see Chromo- 
somes; Morgan, Thomas Hunt). 

Later, in the 1940s, the chromosome the- 
ory received something of a twist. U.S. 
geneticist Barbara McClintock noted that, 
although genes were linked together on a sin- 
gle chromosome, the genes were not neces- 
sarily permanent residents of any single chro- 
mosome. Instead, they could reconfigure 
themselves. These “jumping genes,” as they 
were called, compounded the difficulties in 
Mendelian laws even more, because of the 
impermanence of gene mapping (see 
McClintock, Barbara). Genetics was broad- 
ening its horizons in the 1930s and 1940s. 
For example, embryologists began to look to 
genetics as a way to understand how tissues 
organize themselves throughout their devel- 
opment. Also in the 1940s, geneticists 
George Beadle and Edward Tatum took a 
biochemical approach to genetics and deter- 
mined that each gene’s function was to pro- 
duce a single enzyme (see Biochemistry; 
Embryology). Also, scientists revived the 
notion that chromosomes were made up of 
deoxyribonucleic acid (DNA), previously 
disregarded as not complex enough to carry 
genetic information. Oswald Avery, Colin 
MacLeod, and Maclyn McCarty approached 
the problem from a different field altogether: 
bacteriology. But their work on methods of 
killing or neutralizing bacteria seemed to sug- 
gest that DNA played a major role in making 
permanent changes in the makeup of bacte- 
ria. Continued research on bacteriophages 
(viruses that destroy bacteria) would result in 
scientists ultimately agreeing on the impor- 
tance of DNA in genetics (see DNA; 
Genetics). 

We take it for granted today that genetics 
and evolution are reconcilable, but for many 


years this was not the case. The leading pro- 
ponents of Darwinism in the early decades of 
the century were biometricians such as Karl 
Pearson, who used large populations to 
attempt to show how Darwinian natural 
selection could function, finding a correla- 
tion between certain traits and mortality 
rates (see Biometry). Geneticists, on the 
other hand, initially saw natural selection as a 
competitor to Mendelian inheritance. Others 
tried to reconcile the two. R. A. Fisher advo- 
cated bringing the two together in a new 
field, population genetics. J. B. S. Haldane 
saw natural selection acting on the pheno- 
type, rather than on the genotype, and he 
noted that natural selection could act far 
more quickly than most scientists realized. 
He used a now-famous example of dark-col- 
ored moths surviving better in industrial 
cities, whereas lighter-colored moths were 
killed off more easily by predators. Sewall 
Wright introduced the concept of genetic drift 
and emphasized the importance of natural 
selection in isolated populations. These 
researchers began the Darwin-Mendel syn- 
thesis in the 1920s, and in the next decade, 
Theodosius Dobzhansky argued that the wide 
variety of genes in humans accounts for the 
apparent adaptation to changing environ- 
ments (see Genetics; Haldane, John Burdon 
Sanderson; Wright, Sewall). 

Darwinians and Mendelians were joining 
forces, but many opponents of evolution held 
firm. One of the most explicit arguments in 
favor of evolution came from George 
Gaylord Simpson, who in the 1940s argued 
forcefully that the arguments set forth by 
geneticists agreed very well with the existing 
George 
Gaylord). Although this persuaded many sci- 


fossil evidence (see Simpson, 
entists, it only fueled antiscience sentiment 
already burning in society. Darwinian evolu- 
tion sparked controversy as soon as Darwin 
published his ideas in 1859, and this contin- 
ued into the twentieth century. Some ob- 
jected to evolution in general, disliking the 


notion of being descended from an ape. 


Others directed their attacks specifically at 
Darwin’s contribution to evolution, natural 
selection, which emphasized random change 
and brutal competition for resources. Aside 
from not being a humane mechanism of evo- 
lution, its random character left no room for 
design. Religious opponents claimed that this 
left no room for God. Evolution had long 
been a symbol of secularization in the mod- 
ern world, and even the Pope had con- 
demned it in 1907. Roman Catholics were 
not the most vocal, however; in the United 
States, Protestant Fundamentalist Christians 
cried out against evolution and, more specif- 
ically, the teaching of evolution in schools (see 
Evolution; Religion). The 1925 “monkey 
trial” of John T. Scopes, arrested for teaching 
evolution in a Tennessee school, showcased 
the hostility between the two camps. The 
trial revealed not only hostility toward this 
particular theory, but toward any scientific 
ideas that threatened to contradict the Bible. 
The trial made headlines worldwide and 
revealed the extremes of antiscience views in 
America (see Scopes Trial). 


The New Sciences of Man 

The debates about evolution and heredity 
inspired anthropologists and archaeologists to 
inspect the fossil record. Was there evidence 
of linkage between apes and man? Was there 
a transitional hominid, long extinct, hidden 
in the dirt somewhere? The search for the 
“missing link” between apes and man was 
based on an evolutionary conception that was 
not particularly Darwinian, but was shared 
by many scientists and the general public. It 
assumed a linear progression from inferior to 
superior beings—making apes an ancestor of 
man. Darwinian evolution, on the contrary, 
assumed that both apes and man were species 
that had evolved in different directions from 
some common ancestor. Nonetheless, the 
search for the missing link appeared crucial in 
proving to skeptics the veracity of evolution 
(see Evolution; Missing Link). The most 
notorious case was the Piltdown Man, a col- 
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lection of bones found in 1912 ina gravel bed 
in England. It served as evidence of the miss- 
ing link for decades, until it was revealed as a 
hoax in the 1950s (see Piltdown Hoax). 

Other discoveries of ancient hominids 
were more genuine. In the 1920s, workers 
taking rocks from a quarry near Beijing (typ- 
ically called Peking at the time) discovered 
“Peking Man,” a collection of the bones of 
several people, including, despite the name, 
those of a female. Like Piltdown Man, these 
bones were used as an argument for the evo- 
lution of species, by those using the “missing 
link” argument, and by those simply looking 
for an ancient hominid different from man. 
Unfortunately these bones were lost during 
World War II; thus many have suspected 
they were forged in the same fashion as the 
Piltdown Man (see Peking Man). One of the 
anthropologists involved in both sites was 
Pierre Teilhard de Chardin, a Catholic priest 
who saw connections between biological 
evolution and the evolution of human con- 
sciousness. Like many other philosophically 
minded believers in evolution, he combined 
Darwinism with Lamarckism, adding a sense 
of purposefulness. Like species striving for 
greater complexity, humans as a whole could 
strive toward higher consciousness (see 
Teilhard de Chardin, Pierre). Another 
famous bone-hunter was Louis Leakey, who 
sought to demonstrate that the oldest bones, 
thought to be in Asia, were actually in Africa. 
Leakey wanted to show that human beings 
originated in Africa. Although a number of 
premature announcements tarnished his rep- 
utation in the 1930s, he and his wife, Mary 
Leakey, continued their search and uncov- 
ered some important ancient hominids in the 
1940s and 1950s (see Leakey, Louis). 

Aside from fossil collecting, anthropology 
made a number of serious changes in the 
early twentieth century, particularly on the 
question of race. Nineteenth-century anthro- 
pologists were obsessed with classification of 
races. A few were Social Darwinists, seeing 
all races in brutal competition. But most 
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were traditionalists who saw all races in a 
hierarchy, with “superior” European races 
toward the top and “inferior” African races at 
the bottom, with most others falling in 
between. One’s place on the scale of civiliza- 
tion could be judged in reference to skin 
color, skull size, jaw shape, and brain weight 
(see Anthropology). In other words, human 
society was racially determined. U.S. anthro- 
pologist Franz Boas took an entirely different 
view, arguing instead for cultural determin- 
ism. Examining different societies, such as 
those of the Eskimo, Boas concluded that a 
complex combination of history, geography, 
and traditions defined social relations far 
more than anything biologically determined. 
Boas’s work held an important political mes- 
sage that distressed other anthropologists— 
that human beings as a species are essentially 
the same (see Boas, Franz; Race). His student, 
Margaret Mead, took this further and added a 
caveat. She argued that behaviors that are 
considered universal and biologically inher- 
ent in all humans, such as the attitudes and 
behaviors of adolescents, are also products of 
culture. While Boas challenged racial deter- 
minism, Mead challenged anthropologists 
not to assume that what seems “natural” in 
Western cultures is actually natural for all 
human beings (see Mead, Margaret). 

One of the consequences of Darwinian 
evolution was the application of natural selec- 
tion to human societies, known generally as 
Social Darwinism. This outlook encouraged 
thinking about collective units in competition 
with one another, which generalized easily to 
cultural, national, or racial competition. A 
number of public figures in Europe and the 
United States voiced concerns about “race 
suicide,” noting that steps should be taken to 
ensure that the overall constitution of the 
race was healthy enough to compete. Armed 
with the data from biometry, scientists 
argued that laws based on principles of 
eugenics, or good breeding, ought to be 
passed to discourage procreation among the 
unfit and encourage it among the most pro- 
ductive members of society (see Biometry; 


Eugenics). The birth control movement in 
Britain and the United States gained support 
from eugenicists who wanted all women, not 
simply the most affluent and intelligent ones, 
to be able to prevent themselves from pro- 
creating (see Birth Control). Eugenics laws 
attempting to shape demographics were 
passed in a number of countries, culminating 
ultimately in the Nazi racial laws against 
intermarriage with Jews (see Nazi Science). In 
other countries, most of these laws were 
directed at the poor or those with mental 
retardation. In the United States, for exam- 
ple, the Supreme Court protected the invol- 
untary sterilization of people with mental 
Mental Retardation). 
Intelligence testing, developed in France, ini- 


retardation (see 


tially was designed to detect children in need 
of special education. However, it was used in 
the United States to classify the intelligence 
of every individual, and Americans such as 
Henry Herbert Goddard and Lewis Terman 
tried to use the intelligence quotient (IQ) to 
demonstrate the mental inferiority in some 
immigrant groups (see Intelligence Testing). 
The first decades of the century saw a 
renewed interest in studying the individual 
Sigmund Freud published The 
Interpretation of Dreams in 1900, beginning a 


mind. 


new field of psychology known as psycho- 
analysis. It was based on differences between 
the conscious and unconscious mind and 
emphasized the importance of early child- 
hood memories and sexual drive in human 
thought (see Freud, Sigmund; Psycho- 
analysis). Psychoanalysis had many adher- 
ents, though Freud’s most famous disciple, 
Carl Jung, broke away largely because of dis- 
agreements about the importance of sexual- 
ity. Jung founded his own school, analytical 
psychology, and began to focus on the idea of 
the collective unconscious (see Jung, Carl). 
Mainstream psychology underwent a number 
of theoretical shifts during this period. 
Holistic approaches to understanding human 
thought were popular in Europe, particularly 
Max Wertheimer’s Gestalt school. In many 
respects this was a reaction to the prevailing 


structuralist outlook that saw human psy- 
chology as a combination of component phys- 
iological activities. Gestalt psychology saw the 
mind as more than the sum of its parts. 
Another school of thought was functionalism, 
which denied universality of human minds 
and emphasized the importance of adaptation 
to particular environments (see Psychology). 

Many theorists believed that understand- 
ing human psychology was best explored by 
studying the development of intelligence and 
consciousness. But by far the most influential 
movement was behaviorism, which began 
not in humans but in dogs, through the work 
of Ivan Pavlov. He became famous in Russia 
and elsewhere for his concept of signaliza- 
tion, which connected cognitive input to 
physical output. For example, a dog could be 
trained to salivate every time it heard a bell, 
because it associated the bell with being 
served food. Radical behaviorists believed 
that all animal actions, including human 
actions, resulted from learned behaviors 
rather than any objective, rational thought 
(see Pavlov, Ivan). The most renowned 
behaviorist was B. F. Skinner, who coined 
the phrase operant conditioning to describe the 
construction of environments designed to 
provoke a particular action by an experimen- 
tal subject. Skinner became notorious for his 
utopia, Walden Two, which advocated a per- 
fectly designed society but struck critics as 
mind control (see Skinner, Burrhus Frederic). 
Others emphasized the social and cultural 
aspects of psychology; Lev Vygotsky, for 
example, was a developmental psychologist 
whose work on signs and symbols became 
foundational for studies of special education. 
Similarly, Jean Piaget saw the development 
of consciousness in children as a result of 
assimilation of environmental stimuli and the 
construction networks of interrelated ideas 
(see Piaget, Jean; Vygotsky, Lev). 


Life and Death 

Understanding the mind was only one aspect 
of treating the individual to improve his life 
or cure disease. Mental conditions such as 
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depression and schizophrenia were objects of 
study for psychologists; others proposed 
more radical solutions. People with mental 
conditions were often confined to sanitori- 
ums, where they were isolated and “treated,” 
which often was merely a euphemism for 
custodial care. In the 1930s, radical brain 
surgery was introduced; in Portugal, Egas 
Moniz invented a device called the leuko- 
tome to sever certain nerves in the brain. 
Psychologists turned increasingly to leukot- 
omies (lobotomies), which entailed surgical 
severance of nerve fibers connecting the 
frontal lobes of the brain to the thalamus. 
Doctors experimented with electric shock 
treatments, too, but such radical procedures 
became less important after the development 
of psychotropic drugs in the 1950s (see 
Mental Health). 

Scientists had mixed successes in combat- 
ing disease in the twentieth century. The 
famous microbe-hunters at the turn of the 
century, Paul Ehrlich and Robert Koch, 
helped to combat major diseases such as 
tuberculosis (see Koch, Robert; Micro- 
biology). Ehrlich hoped to use biochemical 
methods to develop magic bullets, chemicals 
that would target only specific microbes and 
leave healthy human parts alone. This proved 
difficult, because the side effects of chemical 
therapy (or chemotherapy) were difficult to 
predict. One of his drugs, Salvarsan, was use- 
ful in combating a major venereal disease, 
syphilis, but it also caused problems of its 
own (see Biochemistry; Ehrlich, Paul). 
Alternatives to chemotherapy were antibi- 
otics, which were themselves produced from 
living organisms and were useful in killing 
other microorganisms. Among the most suc- 
cessful of these was penicillin, which was 
developed on a large scale during World War 
II and helped to bring syphilis and other dis- 
eases under control (see Antibiotics; Peni- 
cillin; Venereal Disease). 

Scientists tried to put knowledge to use in 
promoting health and combating disease. 
During World War I, many of the young 
recruits were appallingly unhealthy, leading 
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to new studies in nutrition. One of the most 
common destructive diseases, rickets, was 
simply a result of vitamin D deficiency. One 
of researchers’ principal goals was to discov- 
er the “essential” vitamins and the “essential” 
amino acids, from which the body’s proteins 
are made (see Amino Acids; Nutrition). 
Other scourges, such as cancer, were more 
difficult to tackle. One of the most rigorous 
public health programs to combat cancer, 
which included restrictions on smoking, was 
put into place by the Nazis as part of their 
efforts to improve the strength of the Aryan 
race (see Cancer). Endocrinologists studied 
the body’s chemical messengers, hormones, 
leading to new medicines to treat diseases 
stemming from hormone deficiencies. For 
example, insulin was successfully extracted 
from the pancreas of a dog and marketed by 
pharmaceutical companies as a new medicine 
to combat diabetes (see Endocrinology; 
Hormones; Industry; Medicine). 

Increased knowledge of microbiology also 
contributed to public health measures. 
Governments believed that sanitation was 
crucial for keeping populations healthy, and 
the importance of education seemed to be 
Public health services established 
regulations, promoted health education pro- 


crucial. 


grams, and even conducted experiments. 
One notorious experiment in the United 
States was the Public Health Service’s obser- 
vation of dozens of African American victims 
of syphilis over many years. None of them 
were aware they had syphilis, but were 
instead told they had “bad blood,” and they 
were not treated for the disease. Ex- 
periments on minority groups were not 
uncommon, and doctors tried to justify them 
as contributing to the overall health of the 
public (see Public Health). More well-known 
cases of human experimentation occurred in 
the Nazi death camps, in Manchuria under 
Japanese occupation, and even on unwitting 
patients by U.S. atomic scientists in the 
1940s (see Atomic Energy Commission; 
Human Experimentation; Nazi Science; 
Radiation Protection). 


Biologists also began to explore the inter- 
connectedness of living organisms. Biologist 
Ernst Haeckel coined the term ecology in the 
nineteenth century to describe the web of 
life, emphasizing how species do not exist 
independently of each other. In the first 
decades of the twentieth century, researchers 
broke this giant web into components, noting 
that there are different systems in any given 
environment. Arthur Tansley coined the 
term ecosystem to describe these discrete 
units. Much of the research on ecology was 
sponsored by the Atomic Energy Com- 
mission to study the effects of nuclear reac- 
tors on surrounding areas (see Ecology). 
Research on residual harmful effects would 
eventually illuminate the dangers of wide- 
spread use of pesticides in the 1940s and 
1950s (see Pesticides). Aside from research, 
the ecological outlook also spurred action at 
the political level, particularly through con- 
servation movements. Although often con- 
nected to efforts to protect the environment, 
conservation was fundamentally an anthro- 
pocentric concept—one needs to conserve 
resources to ensure future exploitation. The 
U.S. Forest Service was developed, in part, 
to ensure that lumber supplies in the United 
States were not depleted. Others emphasized 
the mutual dependence among humans, ani- 
mals, and flora. Conservationist Aldo 
Leopold argued that ecological systems ought 
to be maintained and that exploitation should 
take into account not merely man’s needs but 
the survival of the system (see Conservation). 


Earth and the Cosmos 

Scientists used physics to penetrate the inte- 
rior of the earth. Knowing that the propaga- 
tion of waves differed depending on the 
medium, some reasoned that one could ana- 
lyze the earth through measuring pressure 
waves. The science of geophysics is based on 
using physical methods to extrapolate, with- 
out direct visual observation, general princi- 
ples about the 
Geophysics). Doing so by measuring the 


earth’s structure (see 


waves created by earthquakes, seismology, 


was most common in Europe, through the 
work of Germans such as Emil Wiechert and 
Beno Gutenberg (see Gutenberg, Beno; 
Seismology). Andrija 
Croatian, used such methods to postulate the 


Mohorovičić, a 


existence of a boundary between two geolog- 
ically distinct layers, the crust and the mantle 
(see Mohorovicic, Andrija). The United 
States became a major center for geophysics 
for several reasons. Gutenberg moved there 
in the 1930s, the Jesuits developed a major 
seismic network, and the California coast is 
one of the world’s most active earthquake 
zones. U.S. geophysicist Charles F. Richter 
developed the scale, named after him, to 
measure the magnitudes of earthquakes (see 
Richter Scale). 

One major theory that was rejected firmly 
by most geologists and geophysicists in the 
first half of the century was Continental 
Drift. The German Alfred Wegener pro- 
posed that the “jigsaw fit” between South 
America and Africa was more than a coinci- 
dence, and that the two had once been 
joined. He even proposed that all the earth’s 
land masses once made up a giant superconti- 
nent, which he called Pangaea (see 
Continental Drift; Geology; Wegener, 
Alfred). Critics such as Harold Jeffreys 
argued that the theory failed to provide a 
mechanism for moving such huge blocks of 
crust that would obey the laws of physics. 
Jeffreys insisted that the earth’s structure was 
solid, without any major horizontal motions. 
Theories about the interior of the earth 
abounded; some supported Wegener by not- 
ing that the heat could be transferred through 
molten convection currents, while others 
proposed the earth as a honeycomb, with 
pockets of magma that had not yet cooled (see 
Earth Structure; Jeffreys, Harold). 

The idea that the earth was cooling was 
widely accepted because of the earth’s con- 
stant loss of heat. In fact, this loss of heat had 
been measured in the nineteenth century by 
Lord Kelvin, who used it to calculate the age 
of the earth. His estimation fell far short of 
that needed for evolution to occur, lending 
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antievolutionists a major argument from 
physics (see Age of the Earth). The discovery 
of a new source of heat, radioactivity, nulli- 
fied the argument because this vast store- 
house of energy implied the possibility of 
heat loss for much longer periods. Bertram 
Boltwood and others attempted to calculate 
the age of the earth based on radioactive 
decay series, believing that lead was the end- 
state of all radioactive decay. Thus, the age of 
rocks could be determined by measuring the 
proportion of lead they contained (see 
Boltwood, Bertram). Radioactivity also 
seemed to hold the key to measuring the age 
of once-living things. Because cosmic rays 
created radioactive isotopes of carbon, one 
could calculate the age of carbon-based mat- 
ter by measuring the amount of radioactive 
carbon in it (see Carbon Dating; Cosmic 
Rays). 

The sciences of the air and sea also saw a 
major resurgence in the twentieth century. 
Owing largely to the work of the Norwegian 
Vilhelm Bjerknes and his Bergen school, 
meteorology developed some of its basic the- 
oretical premises, such as the existence of 
weather “fronts.” Bjerknes had a widespread 
influence, particularly among those who 
wanted to inject a dose of theory and quan- 
tification into their subjects (see Bjerknes, 
Vilhelm; Meteorology). One of Bjerknes’s 
students, Harald Sverdrup, became a major 
figure in oceanography when he took the 
directorship of the Scripps Institution of 
Oceanography in 1936. He brought the 
dynamics-based outlook of his mentor to 
bear on oceanographic research, giving phys- 
ical oceanography a major emphasis in the 
United States (see Oceanography; Sverdrup, 
Harald). The dynamics approach even 
touched marine biology; the Kiel school of 
marine biology, based in Germany, saw pop- 
ulations of plankton as large systems interact- 
ing. Despite the perceived benefits of quan- 
tification, such outlooks also discouraged the 
study of differences among individual organ- 
isms (see Marine Biology). Meteorologists 
and oceanographers often pursued expensive 
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subjects, and thus they needed to attract 
patrons, and the dynamical approach was 
attractive to fishery organizations hoping to 
produce data to enable efficient exploitation 
of fishing “grounds.” Oceanographers also 
attracted support by making major expedi- 
tions to distant waters, such as those around 
the poles; these occasionally served as national 
propaganda, as in the case of the American 
Robert Peary’s famous voyage to the North 
Pole in 1909. Even more famous were the 
expeditions on foot, such as the race between 
Norway and Britain to reach the South Pole, 
ending in a success for Roald Amundsen and 
the death of Robert Scott’s entire team (see 
Oceanic Expeditions; Polar Expeditions). 
Turning toward the heavens, the first half 
of the century saw major efforts toward the 
marriage of physics and astronomy. One of 
the most successful astrophysicists was 
Arthur Eddington, who was among the rare 
few who understood both the principles of 
astronomy and Albert Einstein’s theories of 
relativity. Developing theories of the uni- 
verse that were consistent with relativity was 
a principal goal of the 1920s and 1930s (see 
Astrophysics). Like most astrophysicists, 
Eddington owed a great debt to Ejnar 
Hertzsprung and Henry Norris Russell, who 
(independently of each other) in 1913 devel- 
oped a classification system for stars; the 
resulting Hertzsprung-Russell diagram be- 
came the basis for understanding stellar evo- 
lution (see Hertzsprung, Ejnar). Eddington 
devoted a great deal of attention to describ- 
ing the structure of stars, and he analyzed the 
relationship between mass and luminosity, 
noting that the pressure of radiation was bal- 
anced by gravitational pressures (see Ed- 
dington, Arthur Stanley). The 
Subrahmanyan Chandrasekhar famously 
refuted this in 1930, observing that this equi- 
librium could only be maintained in stars 


Indian 


below a certain mass (see Chandrasekhar, 
Subrahmanyan). 

Connecting stars’ luminosity to other 
measurable quantities held the key to many 


other problems. At Harvard College 


Observatory, astronomers working under 
director George Pickering were known by 
some as Pickering’s Harem, because they 
were predominantly women (see Pickering’s 
Harem). One of them, Henrietta Swan 
Leavitt, observed that in blinking (variable) 
stars, called Cepheids, the luminosity of stars 
differed according to the amount of time 
between blinks (periodicity) (see Leavitt, 
Henrietta Swan). This crucial relationship 
was then used by others to calculate relative 
distances of other Cepheid stars whose lumi- 
nosity-periodicity relationship differed from 
those observed by Leavitt. Harlow Shapley 
used such methods to calculate the size of the 
universe, which he took to be a single unit 
(see Shapley, Harlow). He and Heber D. 
Curtis engaged in a major debate in 1920, at 
the National Academy of Sciences, on the 
question of whether the universe was a single 
entity or composed of several component 
galaxies. Edwin Hubble helped to answer this 
question in 1924 by revealing that the 
Andromeda nebula (or galaxy) is far too dis- 
tant to be considered part of our own galaxy. 
In 1929, Hubble discovered another phe- 
nomenon in distant stars, the “red-shift,” or 
their spectral lines; he interpreted this as a 
kind of Doppler effect, meaning that these 
stars (in fact, these entire galaxies) were 
moving away from us (see Hubble, Edwin). 
Hubble’s work on “red-shift” had pro- 
found cosmological implications. What was 
the structure and origin of the universe? No 
stars appeared to be moving closer to the 
earth, so the universe seemed to be expand- 
ing. But expanding from what? Already 
Belgian Jesuit Georges Lemaître had pro- 
posed his “fireworks” theory of the universe, 
in which the present world was formed by an 
explosion at the beginning of time. Now 
Hubble’s finding seemed to demonstrate that 
Lemaitre might be correct. The Big Bang the- 
ory, as it was later called, fit well with 
Lemaitre’s own religious worldview, be- 
cause it left room for an act of creation (see 
Big Bang; Religion). Other theories con- 
tested it, such as the steady-state theory, 


which proposed that new matter was being 
created from nothing virtually all the time. 
George Gamow and Ralph Alpher lent fur- 
ther support to the Big Bang theory in 1948, 
when they developed a theoretical rationale 
for the creation of most of the light elements 
in the first few moments after the explosion 
(see Cosmology; Gamow, George). 

Such theoretical speculation was not lim- 
ited to the universe as a whole. The creation 
of the universe begged the question of the 
creation of life itself on earth. Bacteriologists 
had debated the possibility of spontaneous 
creation of life for decades, but the most 
influential views about the origin of life came 
Aleksandr 


Oparin, who saw Darwinian natural selection 


from a Russian biochemist, 


acting not just on organisms but on molecules 
as well. Oparin believed that this would tend 
to encourage complexity and thus eventually 
spur the development of living organisms (see 
Origin of Life). The logical assumption, then, 
was that life did not necessarily exist solely 
on earth (see Extraterrestrial Life). The idea 
of life on other planets is an old one, but it 
was a major source of inspiration for one of 
the most popular twentieth-century genres 
of literature, science fiction. The fear of alien 
races invading the earth was the premise of 
one of H. G. Wells’s novels, The War of the 
Worlds, later made into a radio play that 
scared scores of Americans into believing 
such an invasion actually was taking place (see 
Science Fiction). Even some astronomers 
were convinced of the possibility. Percival 
Lowell, for example, devoted a great part of 
his career analyzing the “canals” on Mars, 
claiming that they were built by Martians (see 
Lowell, Percival). 

The search for canals on Mars was only 
one of the many uses for new telescopes in 
the early twentieth century. Lowell built a 
major observatory to search for Planet X, 
which he believed to exist beyond Neptune 
(Pluto was discovered after his death). The 
central figure in building new observatories 
was George Ellery Hale, who had a hand in 
obtaining the telescopes at the Yerkes, 
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Mount Wilson, and Palomar Observatories. 
Hale was an entrepreneur of science and 
managed to convince rich patrons to fund 
bigger and more penetrating telescopes (see 
Astronomical Observatories; Hale, George 
Ellery). Not all astronomical work required 
access to expensive optical telescopes. Dutch 
astronomer Jacobus Kapteyn, for example, 
developed his ideas of “star streams” by ana- 
lyzing photographic plates with a theodolite, 
an instrument that only exploits the laws of 
geometry. One of Kapteyn’s students, Jan 
Oort, became one of the leading astronomers 
of the twentieth century (see Kapteyn, 
Jacobus; Oort, Jan Hendrik). Indeed, optical 
light from the stars was only one way to “see” 
into the heavens. In the 1930s, the basic 
premise of radio astronomy was discovered, 
and the capture of radio signals from space 
became a major tool for astronomy and astro- 
physics after World War II (see Radio 
Astronomy). 


Mathematics and Philosophy 
Internal contradictions plagued mathemati- 
cians at the end of the nineteenth century, 
particularly the theory of sets proposed by 
Georg Cantor, who argued against intuition 
that a set of all positive numbers has the same 
number of members as the set of all odd 
numbers. Most high school geometry stu- 
dents learn that proofs are a fundamental 
aspect of mathematical reasoning; David 
Hilbert challenged mathematicians to devel- 
op premises that could be proved without 
inconsistencies. But Kurt Gödel, in his 
“Incompleteness” theorem, made the dis- 
turbing observation that it is impossible to 
prove any system to be totally consistent. 
Bertrand Russell tried to develop a method 
to eliminate inconsistencies by reducing most 
mathematical problems to logical ones and 
developed a philosophy of knowledge called 
logical analysis (see Gödel, Kurt; Math- 
ematics; Russell, Bertrand). 

Just as Bertrand Russell tried to under- 
stand mathematical problems as logical ones, 
many sought to understand the growth or 
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production of scientific knowledge through 
philosophical lens. Philosophers of science 
openly debated the study of knowledge, or 
epistemology, in order to describe science as 
it occurred in the past and to prescribe meth- 
ods for the most effective scientific activity. 
The most influential of these was Ernst Mach, 
who was most active toward the end of the 
nineteenth century. Mach believed that all 
theories should be demonstrated empirically, 
or they should not be considered science at 
all. Mach found many adherents among 
experimental scientists, and later Mach’s phi- 
losophy would provide a point of attack for 
those who wished to assail Einstein’s theories 
of relativity and the quantum theories of Max 
Planck and Werner Heisenberg. A group 
called the Vienna Circle, active in the 1920s, 
became known for “logical positivism,” 
which accepted the positive accumulation of 
knowledge but insisted that each theory be 
verifiable, or provable. Karl Popper, influ- 
enced by the Vienna Circle, was dissatisfied 
with this and instead proposed that theories, 
even if they cannot be “proven” beyond 
doubt, must be falsifiable, meaning that there 
must be a conceivable way to demonstrate 
whether or not they are false (see Philosophy 
of Science; Popper, Karl). 

Scientists were active in mixing epistemol- 
ogy with theory. Quantum mechanics chal- 
lenged fundamental scientific assumptions, 
particularly the idea that an objective reality 
is knowable. Werner Heisenberg’s first pro- 
posals could only be expressed mathematical- 
ly and seemed to be an abstract representa- 
tion of reality. His uncertainty principle 
asserted that at the quantum scale, some vari- 
ables cannot be known with greater certainty 
without increasing the uncertainty of others 
Quantum 
Mechanics; Uncertainty Principle). He also 


(see Heisenberg, Werner; 
observed that it is impossible to separate the 
observer from what is being observed, thus 
denying the possibility of objective knowl- 
edge. In addition, Heisenberg relied on sta- 
tistics and probabilities to describe the real 


world, which struck many physicists as fun- 


damentally antiscience. One should, many 
argued, be able to describe the entire world 
in terms of cause and effect, the basic notion 
of determinism (see Determinism). Niels 
Bohr generalized Heisenberg’s ideas and 
asserted that the competing view of mechan- 
ics, devised by Erwin Schrödinger, was 
equally valid. One version saw the world as 
particles, and the other as waves; they were 
in contradiction, yet together provided a 
truer portrait of the world than what either 
could do alone (see Bohr, Niels; Schrödinger, 
Erwin). 

Few ideas were subject to such a strident 
critique as determinism, which was aban- 
doned not only by physicists, but also by 
Darwinian biologists who took purpose out 
of evolution. Determinists preferred a 
Lamarckian approach, which left some room 
for the organism’s will and action. Austrian 
biologist Paul Kammerer was discredited in 
the 1920s for allegedly faking some experi- 
ments that “proved” Lamarckian evolution in 
midwife toads, and he soon after shot himself 
(see Kammerer, Paul). In the Soviet Union, 
Trofim Lysenko was able to persuade even 
Joseph Stalin that Lamarckian evolution was 
friendly to Marxism, because it was a funda- 
mentally progressive view of human evolu- 
tion that gave power to the organisms, unlike 
Darwinian evolution, which left progress to 
chance. This led to a notorious crackdown 
against Darwinian evolution and Mendelian 
genetics, leading to the persecution of lead- 
Trofim). 
Physicists such as Sergei Vavilov fared better 


ing biologists (see Lysenko, 
in the Soviet system, largely because by the 
1940s Stalin was more interested in acquiring 
an atomic bomb than in insisting on philo- 
sophical correctness (see Soviet Science; 


Vavilov, Sergei). 


The Scientific Enterprise 

Scientists increasingly sought to make con- 
nections between their work and economic 
and military strength. Patronage strategies 
shifted dramatically in the first half of the 


century from reliance on philanthropic 


organizations to writing proposals for mas- 
sive grants from governments. Even indus- 
tries took a serious interest in scientific 
research. The lucrative possibilities of such 
investments were seen in the early years of 
the century with Guglielmo Marconi’s devel- 
opment of wireless technology. Communi- 
cation companies such as the American 
Telegraph and Telephone Company (AT&T) 
established corporate laboratories in order to 
establish patents for new devices. Clinton 
Davisson’s work in physics, for example, was 
supported by a corporate laboratory. The 
development of the transistor, and electron- 
ics generally after World War II, stemmed 
from the support of Bell Laboratories, which 
saw the need to support fundamental 
research for possible technological exploita- 
tion (see Davisson, Clinton; Electronics; 
Industry; Marconi, Guglielmo; Patronage). 

But who conducted the research itself? 
The availability of money from private foun- 
dations and the federal government sparked 
controversy about the equal distribution of 
funds. Some argued that the best scientists 
should get all the grants, whereas others 
pointed out that this would concentrate all 
scientific activity and simply reinforce the 
elite status of a few institutions (see Elitism). 
In the United States and elsewhere, racial 
prejudice barred even the most capable sci- 
entists from advancing to prestigious posi- 
tions, as in the case of the eminent African 
American marine biologist Ernest Everett 
Just, who became dissatisfied that he could 
find a worthwhile position only at a histori- 
cally black college (see Just, Ernest Everett). 
White women on the whole fared better, but 
were confined to subordinate roles. One of 
the most famous examples was Pickering’s 
Harem, a derogatory name given to a group 
of women astronomers working at the 
Harvard College Observatory. Although 
these women did important work, the reason 
for their employment was that they could be 
paid less and no one would expect them to 
advance beyond their technician status (see 
Pickering’s Harem; Women). 
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Some believed that supporting science was 
the best way to achieve social progress. The 
technological breakthroughs of the late nine- 
teenth century, particularly in industrializing 
countries, suggested that scientific knowl- 
edge automatically led to the improvement 
of mankind (see Social Progress). This view 
was also shared by university professors who 
sought to make their own disciplines seem 
more like physics and biology by adopting 
new methods. The term social sciences was 
born from efforts to bring scientific credibil- 
ity to conventionally humanistic fields (see 
Scientism). Even law enforcement organiza- 
tions began to adopt scientific methods and 
techniques, ranging from fingerprinting, to 
forensic pathology, to the use of infrared 
light (see Crime Detection). Others went so 
far as to suggest that governments should be 
controlled by scientists and engineers and 
that the most progressive societies would be 
ruled by technocracy (see Technocracy). The 
popularity of the technocracy movement 
waned considerably during the Great 
Depression, when there was little money for 
research and when many people openly ques- 
tioned the direction of modern, secular, 
highly technological society. The experience 
of World War I already contributed to such 
disillusionment, because leading scientists 
such as Fritz Haber had put knowledge to use 
by developing chemical weapons and other 
more effective ways of killing human beings 
(see Chemical Warfare; Great Depression; 
Haber, Fritz; Religion; World War I). 
Warfare also tarnished the image of sci- 
ence in other ways. Scientists typically 
believed they belonged to a community that 
transcended national boundaries, but World 
War I saw scientists mobilizing for war. 
Representative national bodies of scientists 
now became instruments to harness scientific 
talent for war work. For example, the 
National Research Council was created in the 
United States under the auspices of the 
National Academy of Sciences. Other nation- 
al bodies created similar units, enrolling sci- 
entists in nationalistic enterprises (see 
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Academy of Sciences of the USSR; Kaiser 
Wilhelm Society; National Academy of 
Sciences; Nationalism; Royal Society of 
London). This was not the only way that sci- 
entists expressed nationalistic sentiments. 
Nominations for the symbol of the interna- 
tional scientific community, the Nobel Prize, 
often fell along national lines (see Arrhenius, 
Svante; Nobel Prize). When World War I 
ended, international cooperation was stifled, 
and even international scientific bodies 
banned membership from the defeated pow- 
ers (see International Cooperation; Inter- 
national Research Council). 

Nations used science to exert power ina 
number of ways. Scientific institutions and 
practices often served as means to radiate 
power to colonies. Public health measures, 
designed to eradicate tropical diseases, also 
helped to manipulate and control human 
populations, because Europeans, rather than 
indigenous peoples, controlled the life-sav- 
ing treatments (see Colonialism). Also, sci- 
ence often was used to justify public policies 
regarding race. In Germany, biologist Ernst 
Haeckel endorsed Social Darwinism and 
lent it his credibility, as did many others (see 
Haeckel, Ernst). Racial competition fueled 
the appeal of Nazism; when the Nazis came 
to power in 1933, they instigated a number 
of racial laws and fired Jewish scientists 
from their posts. This began the first major 
brain drain, a name given to any large-scale 
migration of intellectuals. Most of the 
refugee Jewish scientists moved to Britain 
or the United States (see Brain Drain; Nazi 
Science). 

World War II brought a number of 
changes to the practice of science. First of all, 
many technological breakthroughs during the 
war years indicated the value of science more 
powerfully than ever before. All of the major 
combatants attempted to use science. The 
Germans were the most advanced in the area 
of rocketry, the British made major strides in 
the area of radar, and the United States devel- 
oped the first atomic bombs. In addition, 
penicillin was developed for widespread use 


during the war years, saving countless lives 
from bacterial infections. Scientists also built 
early computers from designs conceived in 
the 1930s and developed methods for break- 
ing enemy codes. The research on guided 
missile technology inspired the first work in 
cybernetics in the early 1940s. The United 
States became the first country to attack cities 
with atomic bombs, ushering in the Atomic 
Age (see Computers; Cybernetics; Radar; 
Rockets; Turing, Alan; World War II). 


The Atomic Age 

The period after World War II might be 
called the Atomic Age, and its origins go back 
to the early years of the century. Albert 
Einstein had suggested that very small 
amounts of mass might be converted into 
extraordinarily large amounts of energy. 
Experimentalists who were trying to delve 
deeply into atoms largely ignored this theo- 
retical background. The development of par- 
ticle accelerators enabled scientists to force 
particles to overcome the natural repulsion 
of the nucleus and to observe how subatomic 
particles interact with each other. John 
Cockcroft and Ernest Walton used a linear 
accelerator to force atoms to disintegrate, 
thus achieving the first disintegration by arti- 
ficial means. By the 1930s, Ernest Law- 
rence’s cyclotron was the best tool for atom 
smashing, and in the 1940s scientists at 
Berkeley used cyclotrons to create artificial 
elements such as neptunium and plutonium 
(see Artificial Elements; Cockcroft, John; 
Ernest). 
Chadwick’s 1932 discovery of a particle 


Cyclotron; Lawrence, James 
without charge but with mass, the neutron, 
gave scientists a kind of bullet with which 
they could bombard substances without the 
problem of repulsion by the nucleus and thus 
no need for particle acceleration. In Italy, 
Enrico Fermi bombarded all the elements 
with neutrons to see what reactions 
occurred. In France, the Joliot-Curies dis- 
covered that it was possible to make stable 
atoms radioactive by bombarding them with 


alpha particles. Also in the 1930s, Harold 


Urey discovered heavy hydrogen, and Hideki 
Yukawa postulated the existence of mesons 
inside the nucleus (see Chadwick, James; 
Fermi, Enrico; Joliot, Frédéric, and Irene 
Joliot-Curie; Urey, Harold; Yukawa, 
Hideki). 

The atomic bomb, however, was based on 
the phenomenon of nuclear fission. The 
experimental work on this was done in 1938 
by Otto Hahn and Fritz Strassman, whereas 
the interpretation of the experiments was 
done by Hahn’s longtime collaborator Lise 
Meitner and her nephew, Otto Frisch (see 
Fission; Hahn, Otto; Meitner, Lise). Bom- 
bardment by neutrons had made an element, 
uranium, split into two atoms of lighter 
weight, and in the meantime a small amount 
of the mass of uranium was converted into 
energy. Here was the fundamental premise of 
building atomic bombs. If this process could 
be sustained as a chain reaction, a violent 
explosion would occur. Shortly after these 
experiments, World War II began, and secret 
atomic bomb projects were eventually under 
way in Germany, the Soviet Union, Britain, 
the United States, and Japan. Building the 
bomb required enormous technical, financial, 
and material resources, including a large sup- 
ply of uranium. The U.S. project was the only 
one that succeeded in building a weapon dur- 
ing the war; it was run by the Army and was 
called the Manhattan Project. In August 
1945, two bombs were dropped—one on 
Hiroshima and one on Nagasaki—with a force 
equivalent to thousands of tons of dynamite 
exploding instantaneously (see Atomic Bomb; 
Hiroshima and Nagasaki; Manhattan Project; 
Uranium). 

The advent of an atomic age left many sci- 
entists uneasy about the future of the world. 
During the war a number of scientists urged 
the U.S. government to reconsider using the 
atomic bomb. After all, they had envisioned 
its use against Germany, the country from 
which many of them had fled. The movement 
for social responsibility saw its origins toward 
the end of the Manhattan Project, as scien- 
tists developed reasons to limit the military 
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uses of atomic energy. Two of the leading 
figures in the movement were James Franck 
and Leo Szilard, who detailed alternatives to 
dropping atomic bombs on Japan without 
warning. The movement sparked an organi- 
zation that emphasized the social responsibil- 
ity of science called the Federation of Atomic 
Scientists (see Federation of Atomic 
Scientists; Franck, James; Social Responsi- 
bility; Szilard, Leo). 

One of the reasons scientists used for not 
using the atomic bomb was that it would 
usher in an arms race with the Soviet Union. 
The Soviet Union had already begun an 
atomic bomb project of its own, led by Igor 
Kurchatov. The first years after World War 
II were confrontational; the world seemed 
polarized in what became known as the Cold 
War. Scientists were suspected of helping the 
Soviets catch up to the United States, and 
fears of Soviet science and technology 
seemed justified when the Soviet Union test- 
ed its own atomic bomb in 1949. In 1950, 
one of the Manhattan Project’s top scientists 
was discovered to be a spy for the Soviets. 
The late 1940s were years of paranoia and 
fear, with scientists’ and other public figures’ 
loyalty opened to inquiry. The nation’s top 
physicist, the director of the National Bureau 
of Standards, was criticized as being a weak 
link in national security because of his inter- 
nationalist views and his opposition to the 
development of the hydrogen bomb, the next 
The 


University of California even required that its 


generation of nuclear weapons. 
professors swear an oath claiming to have no 
affiliations with Communist organizations 
(see Cold War; Espionage; Kurchatov, Igor; 
Loyalty; National Bureau of Standards). The 
Cold War mentality led to extreme views. 
Game theory, for example, was a field con- 
necting mathematics and economics, but 
increasingly it was used to analyze the most 
rational decisions that the United States and 
Soviet Union could make, assuming that a 
gain for one was a loss for the other. If war 
was inevitable, some game theorists rea- 
soned, perhaps the United States should 
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launch a preventive war (see Game Theory). 
In 1947, all things atomic fell under the juris- 
diction of the newly created Atomic Energy 
Commission, which tested not only bombs 
but also the effects of radiation on humans, 
including some plutonium injection experi- 
ments on unwitting hospital patients (see 
Atomic Energy Commission; Radiation 
Protection). 

By mid-century, scientists could say that 
they were entering the era of “Big Science,” 
with large teams of researchers, instruments 
such as cyclotrons of ever-increasing size, 
and vast sums of money from a number of 
organizations, particularly the Atomic 
Energy Commission and the Department of 
Defense. The old questions of elitism 
remained, but more disturbing were the pit- 
falls of military patronage. After World War 
II, leading science administrators such as 
Vannevar Bush had convinced the U.S. gov- 
ernment to support basic research in a num- 
ber of fields, without precise technological 
expectations. Yet no civilian agency was 


doing it. Young scientists were being 
enrolled into a military culture, particularly 
through such funding agencies as the Office 
of Naval Research. In 1950, those advocating 
for civilian control of federal patronage got 
their agency, the National Science Foun- 
dation, but it was often highly politicized, 
and military organizations were not forbid- 
den to sponsor research of their own (see 
National Science Foundation; Office of Naval 
Research). Observers could agree by 1950 
that science had changed considerably over 
the previous fifty years—in the ideas, in the 
practices, and in the scale of research. The 
center of gravity for science shifted decisive- 
ly after World War II from Europe to the 
United States, where it enjoyed unprece- 
dented support. But with potentially danger- 
ous context—Cold War competition, mili- 
tary dominance, and the obvious connections 
between science and national security—few 
agreed on whether the second half of the 
twentieth century would see science working 
for or against the good of society. 
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Academy of Sciences of the USSR 
The role of scientists changed dramatically, 
as did most aspects of Russian life, with the 
Bolshevik Revolution in 1917. Under the 
czar, the Academy of Sciences had consisted 
of eminent scientists, and its role was largely 
honorific; it was not charged with major tasks 
by the government. But after the revolution, 
Vladimir Lenin (1870-1924) demanded that 
the academy make a study of the distribution 
of the country’s industrial wealth and devise 
a plan to use it in the most rational way for 
the benefit of the Soviet state. This was the 
beginning of a long-standing relationship be- 
tween the academy and the interests of the 
state. The Soviet Union’s penchant for cen- 
tral planning drew heavily on advice from 
technical experts, including members of the 
academy. Lenin’s government spent compar- 
atively large sums of money on scientific re- 
search, as did Joseph Stalin’s (1879-1953). 
In 1934, the academy sealed its relationship 
with the state symbolically when it moved its 
home from Leningrad to Moscow, where it 
officially was subordinated to the Council of 
People’s Commissars. 

Part of the academy’s role was to ensure a 
close fit between its members’ scientific the- 
ories and the official ideology of the Soviet 
Union. Its statutes provided for the addition 
of members only when they were scholars 


who had proven their ability to “assist the so- 
cialist up-building of the USSR.” This cer- 
tainly was a kind of political intrusion into the 
realm of science; nevertheless, the scientists 
largely policed themselves, which gave them 
some control over their own affairs. The 
academy’s decision to embrace this course of 
action in the 1920s was a result of competi- 
tion by more ideology-oriented bodies, such 
as the Communist Academy and the Institute 
of Red Professoriate, both of which em- 
braced a more explicitly “proletarian” science 
than had the academy members. To ensure 
survival, the academy members adapted fully 
to the Soviet regime. 

Nevertheless, the academy came under at- 
tack by Stalin toward the end of the 1920s 
and in the early 1930s. Scientists found them- 
selves under deep suspicion, primarily for 
spreading theoretical ideas at variance with 
Marxism. Some members were purged from 
their positions, and those who were left were 
compelled to make statements of loyalty to 
the regime’s political and philosophical goals. 
Scientific qualifications began to take a back- 
seat to political ones, and research programs 
were integrated into Stalin’s state-controlled 
economic planning. Conformism to Soviet 
ideology by scientists reached its high point 
under the influence of agronomist Trofim 
Lysenko (1898—1976), whose hostility to 
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Mendelian genetics was based on his own in- 
terpretation of Marxism-Leninism. 

Despite all this, the academy managed to 
carve a useful niche for itself in the Stalinist 
state. Although it lost all semblance of auton- 
omy, it achieved high status in a state that in- 
creasingly looked toward science and tech- 
nology as a measure of national strength. The 
technocracy that emerged under Lenin’s and 
Stalin’s leadership, with the former’s desire 
to provide electricity to the cities and coun- 
tryside and the latter’s ambition to develop 
nuclear weapons and power plants, tended to 
lend considerable prestige to the academy 
members. The state’s appreciation for sci- 
ence meant new research institutes, not only 
for practical purposes but also for pure re- 
search. One must admit that, despite the in- 
clusion of ideologues in academy member- 
ship, the Soviet Union under Stalin valued its 
scientists highly. It was not interested in 
pushing out high-caliber scientists, because 
they held the key to achieving technological 
goals. This was especially true in the case of 
physicists in the 1940s. Generally speaking, 
they were protected from the need to con- 
form to ideology because of the govern- 
ment’s desire to develop nuclear weapons. 

In 1946, at the dawn of the Cold War, the 
technological imperative was clear to many 
Soviets, scientist or not. The academy de- 
clared its goal of helping the Soviet Union 
achieve a new life, recover from the war, and 
achieve greater technological progress. Pure 
research still existed, but it did not have the 
same cachet it had in the West. In 1950, 
Sergei Vavilov (1891-1951), who had been 
the academy’s president in the 1940s, de- 
cried the tendency of some scientists to favor 
their “personal tastes” over the interests of 
the nation. But at the same time he acknowl- 
edged that the academy needed to maintain 
some semblance of pure science. Indeed, sci- 
ence in the Soviet Union tried to achieve the 
ideal of pure science while embracing science 
in the service of the state. The academy was 
the symbol of leading scientists’ efforts to fol- 


low a middle course between the two. 


See also Lysenko, Trofim; Soviet Science; 
Vavilov, Sergei 

References 

Graham, Loren R. Science and Philosophy in the 
Soviet Union. New York: Alfred A. Knopf, 
1972. 

Guins, George C. “The Academy of Sciences of 
the U.S.S.R.” Russian Review 12:4 (Oct. 1953): 
269—278. 

Kojevnikov, Alexei. “President of Stalin’s 
Academy: The Mask and Responsibility of 
Sergei Vavilov.” Isis 87:1 (1996): 18-50. 

Vucinich, Alexander. Empire of Knowledge: The 
Academy of Sciences of the USSR, 1917—1970. 
Berkeley: University of California Press, 
1984. 


Age of the Earth 


Calculations of the age of the earth have un- 
dergone drastic revision during the twentieth 
century. Even in the nineteenth century, the 
debate was not merely a religious one. Al- 
though those who took the Bible literally in- 
sisted on a seven-day creation and a very 
young earth, most scientists (even religious 
ones) acknowledged that the earth must be at 
least a few million years old. But new theo- 
ries of natural history began to require far 
greater spans of time than physicists would 
allow. Charles Darwin’s (1809-1882) theory 
of evolution by natural selection and the pro- 
ponents of uniformitarian geology suggested 
long periods of biological history during 
which time the species of the world evolved 
and the earth’s features formed. Physicists, 
led by William Thomson (Lord Kelvin) 
(1824—1907), estimated the age of the earth 
by measuring its heat loss. Their earth was 
young and could not accommodate evolution 
or vast geological time. 

The discovery of radioactivity by Henri 
Becquerel (1852—1908) in 1896 indicated 
that much of the earth’s heat was generated 
from previously unknown sources. Estimates 
of the earth’s age needed to be revised to ac- 
count for radioactive processes. This source 
of heat would provide the earth with a great 
deal of staying power, far into both the past 
and the future. But even after Becquerel’s 
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Lord Kelvin reading in his study. Even after Becquerel's discovery of radioactivity, Kelvin estimated the earth's age—based 


on its rate of cooling—at fewer than 40 million years. (National Library of Medicine) 


discovery of radioactivity, Kelvin estimated 
the earth’s age, based on its rate of cooling, 
at fewer than 40 million years. Although 
Kelvin has been ridiculed as an elder scientist 
(he was seventy-three years old) holding on 
dogmatically to older views, his aim was not 
to find a way to reject Darwinism. In fact, he 
was attacking uniformitarian geologists who 
suggested that the earth’s activities were 
eternal and would go on in perpetuity. To 
Kelvin, this view violated the second law of 
thermodynamics. Instead, the release of heat 
by the earth indicated that it was cooling, and 
this would not go on forever. But Kelvin’s 
estimates were more than a hundred times 
smaller than later ones, and his defense of 
physics has gone down in history as the de- 
fense of dogma. 


The discovery of new radioactive (and 
heat-producing) elements, notably by Marie 
Curie (1867-1934) and Pierre Curie 
(1859-1906) in the first few years of the 
twentieth century, convinced most physicists 
that Kelvin had grossly underestimated the 
age of the earth. Ernest Rutherford 
(1871-1937) and Frederick Soddy (1877— 
1956) proposed that that radioactivity re- 
sulted in the “decay” of elements as they 
transmuted into other elements. Over the 
next several years, they and other scientists, 
including Bertram Boltwood (1870-1927), 
attempted to identify the elements of ra- 
dioactive decay chains. Where did these de- 
cays end? Lead appeared to be the most likely 
endpoint for radioactive decay, as some pro- 
portion of lead, a stable (not radioactive) 
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element, always was present in ores of ra- 
dioactive elements. Once a decay series was 
identified and half-lives determined (a half- 
life is the amount of time for half of the atoms 
in a sample to decay), one needed only to 
measure the ratio of lead to uranium in an ore 
to calculate how long it had been decaying. 
Boltwood pioneered the measurement of 
lead in determining the age of rocks and in 
1907 published a figure of 2.2 billion years as 
the age of one of his samples. This figure was 
later revised because Boltwood had not antic- 
ipated that some of the lead came from a tho- 
rium decay chain, not a uranium decay chain. 
By 1915 physicists settled on about 1.6 bil- 
lion years as the age of the oldest minerals 
found in the earth’s crust. 

Geologists were slow to accept these new 
estimates, because they came from outside 
their discipline. Geologists’ methods for de- 
termining the age of the earth were in meas- 
uring the deposition of sediments, or in 
measuring the rate at which sodium is carried 
by rivers into the oceans. Both of these 
methods appeared to give an estimate of 
around 100 million years. The vast difference 
between geologists’ estimates and the ra- 
dioactivity time scale highlighted a serious 
problem in earth science. 

In 1920, geologist and cosmologist 
Thomas Crowder Chamberlin (1843—1928) 
tried to combine radioactive dating with biol- 
ogy and his own planetesimal hypothesis of 
the earth’s original formation, formulated 
with Forest Moulton (1872-1952) in 1905. 
The earth, he said, was formed of smaller 
bodies (planetesimals) coming together, at a 
temperature fit for the development of life. 
Biologists estimated the evolution of life after 
the early Paleozoic era to be about one-tenth 
the total period of evolution, and radioactive 
dating put the Paleozoic era at about 400 mil- 
lion years ago. Thus Chamberlin arrived at a 
figure of about 4 billion years. Other scien- 
tists were more conservative; Ernest Ruther- 
ford in 1929 suggested a maximum age of 3.4 
billion years. 


The controversy did not end there. As- 
tronomers disagreed with radioactive esti- 
mates because their own estimates of the age 
of the whole universe was relatively short. 
From the work of Edwin Hubble 
(1889-1953) in the 1920s and 1930s, cos- 
mologists believed the universe was expand- 
ing at a measurable rate. The birth of the uni- 
verse, perhaps in a Big Bang, seemed to have 
occurred about 2 billion years ago. Only in 
1950s did astronomers expand their own 
time scale, helping to resolve a crisis not only 
in the age of the earth but also in cosmology. 
Radioactive dating, by measuring the ura- 
nium-to-lead ratio, prevailed. This method, 
which suggested a maximum of 5 billion 
years, even received the blessing of Pope Pius 
XII (1876—1958) in 1951. In 1953, basing his 
estimate on meteoritic material, Clair 
Cameron Patterson (1922—1995) deter- 
mined the age of the earth at approximately 
4.5 billion years. This estimate stands today. 


See also Boltwood, Bertram; Carbon Dating; 
Earth Structure; Radioactivity 
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Amino Acids 

The structures of living organisms—such as 
skin, tendons, and muscles—are made up of 
proteins. These proteins are seemingly infi- 
nite in number and are the building blocks of 
the plant and animal worlds. The amino acids 
are the units that make up protein. The Ger- 
man chemist Emil Fischer (1852—1919) was 
the first to determine this, in 1902. Fischer 
was known primarily for his work on sugars 


in the body, and he was one of the world’s 
leading organic chemists (he was awarded the 
Nobel Prize in Chemistry in 1902 for his 
work on sugars). In addition to this work, he 
noted that each amino acid is composed of at 
least one amino (base) and one carboxyl 
(acidic) group. Fischer reasoned that the base 
of one amino acid could link up with the 
acidic part of another. He thus proposed that 
amino acids often joined together, bound to- 
gether by a peptide bond, creating chains of 
amino acids called polypeptide chains. As 
these chains of amino acids grew in length 
and acquired the requisite kinds of amino 
acids, they formed proteins. Fischer was able 
to produce such chains artificially, and his 
work was later reproduced by other scientists 
and pursued in other institutions, notably the 
Rockefeller Institute for Medical Research in 
New York. 

One of the outstanding scientific questions 
regarding amino acids concerned which of 
them were indispensable in the animal diet 
and which of them could be synthesized by 
the human body without taking them in as 
food. Scientists believed that there were 
twenty-one amino acids, but they did not 
know which of them were “essential” in an 
organism’s diet. Several scientists worked on 
this problem, including British scientist Fred- 
erick Gowland Hopkins (1861—1947), and 
Lafayette Mendel (1872—1935), Thomas B. 
Osborne (1859—1929), and William Cum- 
ming Rose (1887—1985) in the United States. 
In the mid-1930s, Rose succeeded in separat- 
ing the amino acids into ten “essential’— 
needing to be supplied in food—and eleven 
“nonessential” amino acids, based on his stud- 
ies of the diet of laboratory rats. Although 
these were not precisely the same for all ani- 
mals, Rose’s work provided an invaluable 
guide to the roles played by the amino acids. 
He later showed that one of the amino acids, 
histidine, was an essential amino acid for all 
animals tested except for humans. These 
studies, along with Fischer’s earlier work, 


provided the basis for the field of protein 
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chemistry, a major avenue of research within 
the growing subject of biochemistry. 


See also Biochemistry 
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Anthropology 

Anthropology is the study of mankind. Al- 
though today anthropology is rarely consid- 
ered a “hard” science, it has a strong scientific 
tradition. In the nineteenth century, anthro- 
pologists adopted methodologies that en- 
hanced the scientific status of their findings. 
Skull measuring and brain weighing, for ex- 
ample, for a time lent some credence to 
claims, made by French anthropologist Paul 
Broca (1824—1880) and others, about the 
cognitive superiority and inferiority of differ- 
ent races. Much of the influential work in an- 
thropology dealt with racial classification, 
and anthropology became an important tool 
for the apologists for slavery in the United 
States prior to the Civil War. British anthro- 
pologist Edward Tylor (1832—1917) helped 
to codify an intellectual school of thought, 
evolutionism, which focused on the develop- 
ment of mankind’s civilization through 
stages. He believed these stages were univer- 
sal across cultures, but each of the world’s 
peoples existed at a different level. This out- 
look reinforced preexisting racial attitudes of 
superiority and inferiority. Because research 
indicated a wide variety of influences on 
human societies, however, such as totemism, 
sexuality, and kinship, early twentieth-cen- 
tury anthropologists such as William H. R. 
Rivers (1864—1922) tried to augment evolu- 
tionism with “diffusionism,” noting the sepa- 
rate paths taken by disparate peoples because 
of differing social structures. 
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Anthropology became the leading social sci- 
ence, a term used to describe fields that 
explore human society with some method- 
ological tools borrowed from the natural sci- 
ences. In the 1920s, a number of anthropolo- 
gists were dissatisfied with the historical 
approach of both evolutionism and diffusion- 
ism because of its inherently conjectural na- 
ture and argued for a view based on more 
stringent methodology. The result was func- 
tionalism, and its leading adherents were 
British anthropologists Bronislaw Malinowski 
(1884-1942), Polish-born, and Alfred R. 
Radcliffe-Brown (1881—1955). Malinowski 
was particularly keen to make anthropology a 
strictly empirical science, inspired by the pos- 
itivist philosophy of Ernst Mach (1838— 
1916). Functionalism implied that all aspects 
of society have a purpose that is integral to the 
whole, and these aspects can be identified and 
perhaps even quantified to gauge their impor- 
tance to the whole. Malinowski’s other influ- 
ences included sociologist Emile Durkheim 
(1858-1917) and psychologist Sigmund 
Freud (1856-1939), from whom he learned 
about the importance of social and cultural 
practices and the individual’s internalization 
of cultural norms. The functionalists empha- 
sized rigorous data collection, requiring ex- 
tensive fieldwork such as Malinowski’s in 
New Guinea. More than ever before, anthro- 
pologists were obligated by their professional 
standards to leave the comfort of their homes 
and universities and to travel to the areas they 
studied and encounter the peoples they ana- 
lyzed. The impulse to ensure proper “scien- 
tific” bases for subjects beyond the natural sci- 
ences is often called scientism, and it had a 
pervasive influence among anthropologists in 
the twentieth century. 

Why did this change from evolutionism to 
functionalism occur? One reason was cer- 
tainly tied to the anthropologists’ own influ- 
ences, as in the case of Malinowski. Another 
was patronage. Funding organizations such as 
the Rockefeller Foundation provided money 
for research more readily when the research 


had sound methodological foundations. In 
other words, anthropology needed a rigor- 
ous, scientific basis to acquire funds for field- 
work. Functionalism asserted precise roles 
for every aspect of society. Malinowski was 
skilled at arguing that anthropological re- 
search would be of practical benefit to colo- 
nial regimes. One important result of this 
change in anthropologists’ attitudes (func- 
tionalism replacing evolutionism) was in so- 
cial control. Evolutionism had emphasized the 
ranking of different races in a hierarchy of civ- 
ilization, providing a rationale for imperial- 
ism. Functionalism drew out the structures of 
indigenous cultures, including nascent politi- 
cal relationships, allowing imperial powers 
(especially the British, where the anthropolo- 
gists were particularly influential) to under- 
stand local institutions and to permit and en- 
courage some degree of autonomous rule. 
Probably the most influential of all twenti- 
eth-century anthropologists was the German- 
born American Franz Boas (1858—1942), 
who was an ardent critic of racial determin- 
ism. Boas conducted fieldwork in Canada 
upon the Kwakiutl, an indigenous tribe. He 
became convinced that social and even phys- 
ical differences in peoples resulted not from 
biological necessity, but rather from a combi- 
nation of historical, geographic, and social 
factors, which gave rise to unique cultures. 
Most of cultural anthropology owes an intel- 
lectual debt to Boas, who insisted that culture 
was the dominant influence on individuals. 
Cultural anthropology struck a blow against 
universalism; it asserted that societal differ- 
ences are not racially determined and have 
nothing to do with any “stage” of civilization; 
instead, they are a product of the specific cul- 
tural environment into which individuals are 
born and raised. Some of the most prominent 
anthropologists were disciples of Boas, in- 
cluding Ruth Benedict (1887—1948) and 
Margaret Mead (1901—1978)—both of 
whom tried to shatter universalist notions. 
Mead, for example, asserted that what most 
Westerners thought were normal, natural 


experiences of adolescents were absent in 
some populations in the Pacific region. 
Though some of Mead’s findings later were 
questioned seriously, the outlook of cultural 
anthropology became a particularly “Ameri- 
can” tradition by mid-century. 


See also Boas, Franz; Leakey, Louis; Mead, 
Margaret; Missing Link; Peking Man; 
Piltdown Hoax; Scientism 
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Antibiotics 
The term antibiotic was first used during 
World War II to describe any biologically 
produced substance that was harmful to other 
living organisms. Since then, its meaning has 
narrowed to refer to drugs that combat bac- 
terial infections. The control of infectious 
diseases was addressed, at the beginning of 
the twentieth century, by public health meas- 
ures and new vaccines for traditional human 
enemies such as tuberculosis. Around the 
turn of the century, assessing disease as a 
product of specific microbes helped German 
scientists such as Robert Koch (1843-1910) 
and Paul Ehrlich (1854-1915) to develop 
chemical therapies for specific diseases. 
Ehrlich was famous for having proposed the 
possibility of a “magic bullet” for each dis- 
ease—a specific substance that would de- 
stroy another specific substance. 

Aside from chemical agents, microbiolo- 
gists recognized that some living organisms 
had natural, deleterious effects on others. At 
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Rutgers University in 1915, Selman A. Waks- 
man (1888—1973) turned the Department of 
Soil Microbiology into a center for research 
on the interrelationships among microbes, 
particularly their harmful effects on one an- 
other. In 1939, influenced by the work at 
Rutgers, Rockefeller Institute scientist Rene 
Dubos discovered tyrothricin, an antibiotic 
useful for fighting pneumonia. It became the 
first antibiotic to be commercially exploited. 

The most well-known antibiotic, peni- 
cillin, was recognized in 1928 by British sci- 
entist Alexander Fleming (1881—1955). He 
had been researching influenza, and he acci- 
dentally allowed one of his culture plates to 
become contaminated by the mold penicil- 
lium. He later discovered that penicillium 
dissolved the bacteria that had existed prior 
to contamination by the mold. He named the 
antibacterial substance penicillin. Some years 
later, the need for therapeutic penicillin dur- 
ing World War II jump-started research. 
Ernst Chain (1906—1979) and Howard Flo- 
rey (1898—1968) began in 1939 to explore 
the therapeutic effects of antibacterial sub- 
stances, including penicillin. Financed by the 
Rockefeller Foundation, these two headed a 
team of British scientists who eventually pro- 
duced small quantities of penicillin that killed 
certain germs in the human body. 

Manufacturing penicillin on a large scale 
was one of the great industrial challenges 
during the war. Although the Manhattan 
Project (the effort to build the atomic bomb) 
claimed the lion’s share of notoriety for sci- 
entific achievement, penicillin was no less of 
an accomplishment. Coordinated by the Of- 
fice of Scientific Research and Development 
(OSRD) in the United States, scientists col- 
laborated with several drug manufacturers 
and put the drug into widespread use during 
the war to help prevent infections from 
wounds and to cure rampant diseases such as 
syphilis. For their role in discovering peni- 
cillin and developing it as a therapy, Fleming, 
Chain, and Florey shared the Nobel Prize in 
Physiology or Medicine in 1945. 
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Dr. Selman A. Waksman shown at work in his Rutgers University laboratory in 1952 in New Brunswick, New Jersey. In 


1943, Waksman announced his development of streptomycin, which he hoped would help in the fight against resistant 


strains of tuberculosis. (Bettmann / Corbis) 


Despite the seemingly miraculous effects 
of penicillin for preventing infections and 
curing venereal diseases, it was not the cure- 
all that some hoped. Scientists continued re- 
search on other antibiotics, and Waksman’s 
group at Rutgers assumed a leadership role in 
developing drugs to combat bacteria that re- 
sisted penicillin and tyrothricin. In 1943, 
Waksman announced his development of 
streptomycin, which he hoped would help in 
the fight against resistant strains of tuberculo- 
sis. After the war, antibiotic medicine domi- 
nated health care as a panacea for innumer- 
able dangers, from preventing infection in 
major wounds to treating infectious diseases. 
Because no single antibiotic served as a true 
panacea, research on new antibiotics contin- 


ued in order to address new or resistant 
strains of diseases. 


See also Penicillin; World War II 
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Arrhenius, Svante 
(b. Vik, Sweden, 1859; d. Stockholm, 
Sweden, 1927) 

Svante Arrhenius, a Swedish chemist, was 
an exemplar of interdisciplinary science. Al- 
though he published his most significant work 
in the late nineteenth century, his methods, 
combining physics and chemistry, were em- 
blematic of the blurred boundaries between 
these disciplines at the turn of the century. 
He wanted to study physics for his doctorate 
at the University of Uppsala, but became dis- 
satisfied with his mentor and chose chemistry 
instead, working under Erik Edlund 
(1819-1888). His interest in both fields 
would serve him well, because he became a 
principal founder of physical chemistry. 

His initial aim was to find a way to deter- 
mine molecular weight of dissolved com- 
pounds by measuring how well they con- 
ducted electricity. A compound that conducts 
electricity when dissolved is an electrolyte. 
He experimented with electrolytes of varying 
levels of dilution in water, and his work 
turned toward measuring how such dilution 
affected conductivity. Increasingly he found 
that the most interesting aspect was the state 
of the electrolyte itself, part of which seemed 
to break down into its constituent parts. The 
extent to which this occurred depended on 
how much it was diluted. 

In 1884 he published his results as his 
Ph.D. dissertation and in a memoir to the 
Swedish Academy of Sciences. He revealed 
that electrolytes assume an active form and 
an inactive form, and in fact only the active 
part conducts electricity. He later claimed 
that this was a precaution designed to ensure 
that he receive his degree. He did not yet feel 
confident enough (at least in a doctoral dis- 
sertation) to say that he believed that dilution 
was in fact breaking down the compounds, or 
dissociating them. Most chemists were not 
willing, for example, to say that by diluting 
sodium chloride in water, some of it would 
dissociate into sodium and chlorine. 

His dissertation met a cautious reception 
and was awarded only a fourth-class distinc- 
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tion, or non sine laude (not without praise). 
Few knew what to make of his theories. 
Chemists did not recognize them as chem- 
istry, and physicists did not recognize them as 
physics. Over the next few years, Arrhenius 
traveled to other European laboratories 
while developing his ideas into a mature the- 
ory of electrolytic dissociation. This he pub- 
lished in 1887, when he specified that the 
electrolytes, under greater dilution, in fact 
became dissociated, meaning that the com- 
pound was breaking down into its constituent 
parts. This work won him the Nobel Prize in 
Chemistry in 1903. In 1905, he became di- 
rector of the Nobel Institute for Physical 
Chemistry. Thus, as an “elder statesman” of 
science, Arrhenius was positioned to play a 
crucial role in the awarding of Nobel Prizes 
in the early twentieth century. Historian Elis- 
abeth Crawford credits Arrhenius with the 
reorientation of the prize committees toward 
the “avant-garde of international physics and 
chemistry,” praising the new work in quan- 
tum physics and atomic structure. 

Looking back on these events in light of 
the rapid changes in physics at the dawn of 
the twentieth century, Arrhenius said that his 
work showed that atoms charged with elec- 
tricity played an important role in chemistry. 
He pointed to a general tendency for scien- 
tists to attach more and more importance to 
electricity, “the most powerful factor in na- 
ture.” Arrhenius was very much aware that 
studies of electricity had led to J. J. Thom- 
son’s (1856—1940) electron theory, and he 
predicted rapid progress along similar lines. 
The boundary between physics and chemistry 
was becoming less clear, and the nature of 
the atom itself would become crucial for 
both fields in the first decades of the twenti- 
eth century. 


See also Nobel Prize; Thomson, Joseph John 
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Artificial Elements 

Experiments in nuclear physics escalated 
dramatically with the discovery of the neu- 
tron and the invention of the cyclotron in 
the 1930s. British physicist James Chadwick 
(1891—1974) discovered the neutron in 
1932; because it lacked an electric charge 
but had considerable mass, scientists imme- 
diately saw that it would not be repelled by 
other atomic nuclei; thus it could be used to 
bombard other elements and observe the re- 
sults. Scientists working under Ernest 
Lawrence (1901—1958) at the University of 
California—Berkeley already had been accel- 
erating particles with Lawrence’s invention, 
the cyclotron, to conduct such bombard- 
ments. Accelerating elements such as deu- 
terium (a heavy isotope of hydrogen) pro- 
vided physicists with fast-moving atoms 
that, upon collision, could disturb the 
makeup of other atoms and create interest- 
ing results. 

Claims of having discovered artificial ele- 
ments, which were predicted from empty 
slots on the periodic table of elements, dated 
from the 1920s. But definitive evidence of 
these missing elements did not appear until 
the late 1930s. From a sample created at the 
cyclotron in Berkeley, physicists in Italy, 
Carlo Perrier (1886—1948) and Emilio Segrè 
(1905—1989), first discovered an artificially 
created element, with atomic number 43, in 
1937. Because it was the product of human 
technology, they called the new element 
technetium. Francium, atomic number 87, 
was discovered in France (hence the name) in 


1939. Promethium, atomic number 61, was 
thought to have been discovered in the 
1920s, but was identified in 1947 by a U.S. 
team at the Oak Ridge National Laboratory 
in Tennessee. Astatine, atomic number 85, 
was identified in 1940, at Berkeley. These el- 
ements were considered artificial because 
they were not discovered in nature but rather 
were produced in the laboratory. Scientists 
suspected, however, that they did occur in 
nature but simply had not yet been found. 
Both francium and astatine were found to be 
part of the natural radioactive decay series of 
actinium, and thus their “artificial” status 
comes purely from their historical context. 
The more celebrated artificial elements 
were the transuranic elements, the name 
given to heavy elements with atomic num- 
bers higher than uranium on the periodic 
table. None of them exist in nature, but in- 
stead must be produced artificially. One of 
them, plutonium, proved invaluable in the 
The first 


transuranic element, with atomic number 


construction of atomic bombs. 


93 (neptunium), was discovered in 1940 at 
Berkeley, by Edwin McMillan (1907—1991) 
and Philip Abelson (1913—). Their an- 
nouncement of the discovery was one of the 
last papers about uranium to appear in The 
Physical Review before the research went 
under a veil of secrecy during wartime. Plu- 
tonium, element 94, was discovered in 
1941 by Glenn T. Seaborg (1912—1999), 
but it was not announced publicly until 
1946. This element became crucial for the 
atomic bomb project because, like the rare 
isotope uranium 235, it was fissile: Its nu- 
cleus could split easily with the addition of a 
neutron, and thus could be assembled into a 
critical mass and sustain a fission chain reac- 
tion. It provided an alternate route to the 
bomb. The bomb dropped on Hiroshima 
was made from uranium 235, whereas the 
bomb dropped on Nagasaki was constructed 
from plutonium. 

During the war, Seaborg worked at the 
University of Chicago as part of the atomic 
bomb project. During that period, he and his 


team discovered elements 95 and 96, naming 
them americium and curium (the former was 
named for its place of discovery and its chem- 
ical similarity to another element, europium, 
also named for geographical reasons; the lat- 
ter was named after Marie Curie [1867— 
1934] and Pierre Curie [1859-1906], and in- 
deed could also apply to Irène Joliot-Curie 
[1897—1956] and Frédéric Joliot [1900— 
1958], all of whom contributed to studies of 
radioactivity). Americium was a decay prod- 
uct of an isotope of plutonium, whereas 
curium was produced through alpha-particle 
bombardment. When the war ended, the ele- 
ment hunting continued unabated. Bombard- 
ments yielded elements 97, 98, and 101— 
berkelium, californium, and mendelevium, 
respectively. The first two of these were 
named after the locations of discovery, and 
the last was named after the inventor of the 
periodic table, Dmitry Mendeleyev 
(1834—1907). Elements 99 and 100 were not 
discovered through cyclotron bombardment, 
but as the residue of a more powerful force: 
the hydrogen bomb. Named einsteinium and 
fermium—after Albert Einstein (1879—1955) 
and Enrico Fermi (1901—1954)—these ele- 
ments were found after the 1952 thermonu- 
clear test on the Pacific atoll Eniwetok. 

This flurry of discovery centering on the 
U.S. nuclear weapons research resulted in 
the identification of elements 93 through 
101, and Seaborg dominated these activities. 
He shared the Nobel Prize in Physics with 
Edwin McMillan for these efforts in 1951. 
But soon others got involved, including 
Swedish scientists who would name element 
102 (nobelium) after Alfred Nobel (1833— 
1896), discovered in 1957. The next ele- 
ment, discovered in 1961, was discovered in 
Berkeley and was named for the cyclotron’s 
inventor (lawrencium). 


See also Cyclotron; Physics; World War II 
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Astronomical Observatories 
Many new astronomical observatories were 
built in the first half of the twentieth century. 
The most important of these were built 
specifically to house large telescopes to en- 
hance astronomers’ ability to see deeper into 
space. These telescopes were difficult to 
build, requiring great technical precision 
from both science and industry. Although the 
United States took the lead in building them, 
astronomical observatories existed all over 
the world. Some of the leading ones were 
quite old: The observatory at the University 
of Leiden was established in 1633, the Paris 
Observatory was established in 1667, and the 
Royal Observatory in Greenwich, England, 
was established in 1675. Over the centuries 
these housed sextants, quadrants, and other 
instruments, giving way in the nineteenth 
century to large telescopes. By the early 
twentieth century, telescopes of increasing 
size dominated the work of major observato- 
ries. Observatories used telescopes in combi- 
nation with photographic technology to re- 
solve and record the visible light in space. 
Most observatories around the turn of the 
century were using photometric techniques. 
Under the directorship of Edward C. Picker- 
ing (1846-1919), for example, the Harvard 
College Observatory used photographs to cat- 
alogue the sky, collecting photographic plates 
from its own telescope and others throughout 
the world. These efforts led to Henrietta 
(1868-1921) work on 
Cepheid variables, which helped astronomers 
judge distances. The Harvard College Obser- 
vatory declined in importance in the twenti- 


Swan Leavitt’s 


eth century; however, one of Pickering’s stu- 
dents, George Ellery Hale (1868—1938), 


12 Astronomical Observatories 


became the principal advocate of astronomi- 
cal observatories in the United States. 

Although the history of twentieth century 
astronomical observatories was dominated by 
U.S. efforts, this was because of economic 
and political reasons rather than lack of tal- 
ent. Many leading astronomers were trained 
in Europe, only to be attracted later to the 
new large U.S. observatories. One leading 
European center was the Hamburg Observa- 
tory, in Germany, but in 1931 one of its lead- 
ing figures, Walter Baade (1893—1960), de- 
cided to move to the United States. The 
Estonian Bernhard Schmidt (1879-1935) de- 
signed the astronomical camera, giving his 
name to the Schmidt corrector plate and the 
Schmidt telescope, the designs of which were 
copied in many countries. He worked at the 
Hamburg Observatory in the 1920s and 
1930s, and his designs allowed very large re- 
gions of the sky to be photographed. Owing 
to internal political problems and the advent 
of war in 1939, the Hamburg Observatory 
was unable to capitalize on Schmidt’s design. 
The Mount Wilson Observatory in the 
United States, under the guidance of former 
Hamburg astronomer Walter Baade, began 
to build a 48-inch Schmidt telescope in the 
late 1930s. 

The United States became the focal point 
of efforts to build the largest telescopes in the 
world. That was James Lick’s (1796—1876) 
goal toward the end of the nineteenth cen- 
tury. A quirky millionaire, Lick paid for an 
observatory with the biggest-yet refractor 
telescope to be built near San Jose, Califor- 
nia, dedicated in 1888 and named after him. 
Another center of astronomical research 
sprung up at the University of Chicago. In 
1892, Hale and the university’s president 
convinced businessman Charles T. Yerkes 
(1837-1905) to finance an observatory with 
a 40-inch refractor telescope. The University 
of Chicago developed a cooperative relation- 
ship with the University of Texas, which had 
built the McDonald Observatory in Mount 
Locke, Texas. In the 1930s, both Yerkes and 
McDonald came under the directorship of 





a 


Hooker telescope with 100-inch reflector at the Mount 


Wilson Observatory. (Hale Observatories, courtesy AIP 
Emilio Segrè Visual Archives) 


Russian immigrant Otto Struve (1897— 
1963), who recruited many of Europe’s top 
astronomers, including Gerard Kuiper 
(1905—1973) of the Netherlands and Subrah- 
manyan Chandrasekhar (1910—1995), the as- 
trophysicist from India (then at Cambridge) 
who had transformed physicists’ understand- 
ing of the evolution of stars. 

Hale was a key figure behind some of the 
most advanced telescopes in the United 
States. Aside from his role in founding the 
Yerkes Observatory, he acquired grants from 
the Carnegie Institution of Washington to 
build at Mount Wilson (near Los Angeles, 
California) a 60-inch telescope. Completed 
in 1908, it was the largest telescope lens in 
use at the time. While it was being built, 
Hale already was planning another, even 
larger telescope. This one, with a 100-inch 
lens, was less reliable because of it sensitivity 
to temperature, but with far greater resolu- 
tion of distant objects. Leading astronomers 
flocked to Mount Wilson; it was there that 
scientists such as Harlow Shapley (1885— 


1972) and Edwin Hubble (1889— 1953) cal- 
culated the size of the galaxy and the radial 
velocities of nebulae. In 1928, Hale con- 
vinced the Rockefeller Foundation to pay for 
an even larger lens, a $6 million, 200-inch 
reflecting telescope, to be installed at Palo- 
mar, a hundred miles from Pasadena, Cali- 
fornia. The Palomar Observatory was built in 
the 1930s and was operated by the young 
campus of the California Institute of Tech- 
nology, another of Hale’s many projects. The 
200-inch lens was a long-term project, with 
the difficult task of grinding, polishing, and 
aligning the massive chunk of Pyrex. It was 
installed and dedicated, finally, in 1948, and 
the first photographic exposure from the lens 
was taken in early 1949. Hale had died in 
1938, and the new telescope was named after 
him. 

See also Hale, George Ellery; Hubble, Edwin; 
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Astrophysics 

Astrophysics is a branch of astronomy that 
deals primarily with dynamic relationships 
and physical structures. It came to promi- 
nence before the twentieth century and was 
substantially helped by the development of 
new technology. The first of these was the in- 
corporation of photographic methods. By the 
late nineteenth century, photography was al- 
most entirely integrated into astronomical 
observation, and the great observatories used 
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photographic plates to compile comprehen- 
sive star catalogues and to measure (with the 
use of a theodolite) the coordinates of those 
stars. This led to the involvement of women 
technicians to conduct the more rudimentary 
calculations for lower pay than men, as was 
the case at the Harvard College Observatory 
under Edward Pickering’s (1846—1919) 
leadership at the turn of the century. The in- 
novator of this method, Dutch astronomer 
Jacobus Kapteyn (1851—1922), employed 
men from a local prison near Groningen Uni- 
versity. The study of photographic plates led 
to major compilations such as the Henry 
Draper Catalogue, published between 1918 
and 1924, based largely on the work of Annie 
Jump Cannon (1863—1941). It also led to the 
study of the Cepheid variables, a useful tool 
in judging distances between stars, pioneered 
by Henrietta Swan Leavitt (1868—1921). 
Aside from photography, the construction of 
observatories with increasingly large lenses 
proved to be a boon to astrophysics in the 
twentieth century. U.S. astronomer George 
Ellery Hale (1868—1938) was one of the 
principal figures in these developments; he 
was a great fund-raiser and had a hand in the 
construction of the Yerkes, Mount Wilson, 
and Palomar Observatories in the United 
States. 

One of the controversies in twentieth- 
century astrophysics was the nature of the 
galaxy. Scientists had conjectured about “is- 
land universes” for years, because of the pres- 
ence of cloudlike masses (nebulae) in space. 
But the notion that our own universe is only 
one of many was hotly contested. A famous 
debate at the (U.S.) National Academy of 
Sciences in 1920, between Harlow Shapley 
(1885—1972) and Heber Curtis (1872— 
1942), centered around the size of the 
Milky Way and the possibility of there being 
other galaxies separate from ours. Curtis ar- 
gued for a small Milky Way that was one of 
many; Shapley argued for a large Milky Way 
that encompassed the nebulae. Only the 
work of Edwin Hubble (1889—1953) ap- 
peared to settle the argument. In the 1920s, 
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Hubble used Cepheid variables to judge dis- 
tance and noted (from stellar spectra) that 
some of the most distant nebulae were re- 
ceding. Not only were they far, far away— 
and thus separate galaxies—but they were 
moving away from us, indicating that the 
universe was expanding. This finding proved 
astounding, and it lent support to what Bel- 
gian physicist Georges Lemaitre (1894— 
1966) had proposed in 1927, namely, the 
idea that became known as the Big Bang the- 
ory. This theory of the origin of the universe, 
with its stars and galaxies the result of an 
enormous explosion, sat well with many re- 
ligious-minded people (including Lemaitre, a 
Jesuit), who sought a theory of the universe 
that left room for an act of creation. 

A number of astrophysicists devoted their 
work to developing hypotheses of stellar evo- 
lution. Their primary task was to use recent 
revolutions in  physics—namely, Max 
Planck’s (1858—1947) quantum theory and 
Albert Einstein’s (1879—1955) theories of 
relativity—to construct a meaningful model 
of stars. The German Karl Schwarzchild 
(1873—1916) was one of the first to propose 
such a model, based on radiation transfer ac- 
cording to the laws of quantum physics, but 
his theory (1906) was replaced by that of 
Arthur Eddington (1882—1944) in the 1920s. 
A lasting contribution of Schwarzchild’s, 
however, was the concept of a black hole, 
which was simply a star that had collapsed to 
a radius below a certain threshold deter- 
mined by its mass; such a star could not emit 
any radiation at all—in other words, even 
light could not escape, so these stars are in- 
visible. Another limit on stellar structure was 
proposed by Subrahmanyan Chandrasekhar 
(1910—1995) in 1928. He noted that there is 
a limit to the mass a star can have and still be- 
have according to the prevailing model. 
Some stars, he observed, will never reach the 
state “white dwarf,” the supposed end stage 
of stars of any mass that have lost most of 
their energy. According to Chandrasekhar, at 
masses larger than 1.44 solar masses, the 
gravitational load on the outer layers of the 


star will cause it to collapse, even when the- 
oretically there should be a balance of repul- 
sion and gravitational attraction. This idea 
was immediately criticized by most, includ- 
ing Eddington, but eventually Chandrasekhar 
won the Nobel Prize for it (1983). It gave 
rise to research on alternative end stages, 
such as neutron stars and black holes. 

For the evolution of stars, astrophysicists 
relied on the simultaneous yet independent 
work of the Dane Ejnar Hertzsprung 
(1873-1967) and the American Henry Nor- 
ris Russell (1877-1957). Correlating spec- 
trum type with absolute magnitude, they 
proposed the existence of two series of stars, 
one “normal,” and the other composed of 
very bright, giant stars. The graphical repre- 
sentation of the evolutionary sequence, first 
published in 1911, was called the Hertz- 
sprung-Russell diagram. From these ideas, 
British astrophysicist Arthur Eddington 
worked out a mass-to-luminosity relationship 
in stars and constructed a model of stars 
based on the balance of internal and external 
pressures. He published it as The Internal 
Constitution of Stars (1926), calling the 
Hertzsprung-Russell diagram not simply a 
classification scheme but an indicator of stel- 
lar evolution. 

The 1930s were critical years in the history 
of astrophysics. In 1932, Dutch astrophysicist 
Jan Hendrik Oort (1900-1992) postulated 
the existence of “dark matter.” He calculated 
that the prevailing beliefs about the universe’s 
dynamic action required there to be two or 
three times as much mass in the universe as 
could be seen. Because the galaxy did not ap- 
pear to be coming apart, but rather rotating, 
there had to be enough mass to account the 
gravitational attraction needed to keep the 
galaxy in place. In 1937, Caltech astrophysi- 
cist Fritz Zwicky (1898—1974) determined 
that most of the universe’s mass is this myste- 
rious dark matter. Zwicky also played a 
crucial role, along with Walter Baade 
(1893—1960), in research on neutron stars 
and supernovae. Also in the 1930s, radio as- 
tronomy was born, which allowed scientists 


to “see” in space without relying on the visible 
light necessary for optical telescopes. Like the 
development of photographic methods at the 
end of the nineteenth century, radio astron- 
omy became the principal technology to 
transform the fields of astronomy and astro- 
physics after World War II. 
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Atomic Bomb 

The atomic bomb was developed during 
World War II as a weapon that could pro- 
duce, in a single explosion, devastation 
equivalent to thousands of tons of conven- 
tional explosives. It was based on the possi- 
bility that the nuclei of atoms could be split, 
releasing particles and energy at the same 
time; if enough such reactions occurred, a 
fireball of immense proportions would be the 
result. Several countries attempted to de- 
velop the atomic bomb in the first half of the 
twentieth century, and two (the United 
States and the Soviet Union) were successful. 
Atomic bombs have been used twice in war, 
both times by the United States against Japan 
in 1945. 

Long before it became a reality, the 
atomic bomb was a source of speculative fic- 
tion. Celebrated novelist H. G. Wells 
(1866—1946) wrote The World Set Free in 
1914, predicting the use of atomic bombs in 
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the 1950s. The bombs described by Wells 
were continuously explosive, requiring 
lumps of “pure Carolinum” to generate an 
unstoppable radiation of energy, like a 
miniature active volcano. To Hungarian 
physicist Leo Szilard (1898—1964), who had 
read Wells’s book in the early 1930s, the 
possibility of such weapons seemed genuine 
after the discovery of nuclear fission in 1939. 
This was the name given to the division of an 
atomic nucleus into two parts; for example, 
a single atom of a heavy element could split 
into two atoms of a lighter element. The 
process was catalyzed by the bombardment 
of uranium with free neutrons, and it re- 
leased a small amount of energy. Szilard be- 
came convinced that the process of fission 
could be sustained in many atoms at once, 
because of the ejection of a neutron during 
fission. That neutron might catalyze more 
fission reactions, which would free more 
neutrons; these in turn could instigate still 
more fission reactions. The possibility of a 
chain reaction meant that an extraordinary 
amount of energy release was possible—an 
atomic bomb could be built. 

The discovery of fission by Germans Otto 
Hahn (1879—1968) and Fritz Strassman 
(1902—1980) occurred on the eve of World 
War II (the experiments were conducted in 
late 1938 and early 1939). After the war 
began, several of the main combatant coun- 
tries attempted to build atomic bombs, with 
varying degrees of commitment. Germany 
put some of the best theoretical physicists to 
work on the project, including Hahn and the 
world-famous pioneer of quantum mechan- 
ics, Werner Heisenberg (1901—1976). Led 
by Heisenberg, the German project never 
determined an adequate means of building a 
nuclear reactor, the crucial test of a fission 
chain reaction. As the war drew to a close, 
Heisenberg’s team was captured by Allied 
forces and transported to England, where 
they stayed under surveillance in a country 
manor called Farm Hall. Their conversations 
were recorded in secret, and they appeared 
to admit their shortcomings and lack of 
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knowledge about how the bomb had been 
built by the Americans. However, Heisen- 
berg later made the controversial claim that 
his team deliberately avoided making an all- 
out effort, not wanting German leader Adolf 
Hitler (1889-1945) to possess a weapon of 
such power. Germany’s ally, Japan, had a 
strong nuclear physics community as well 
and had bought several cyclotrons (particle 
accelerators) from the United States prior to 
the war. Historians have taken an increasing 
interest in the Japanese atomic bomb in re- 
cent years, but it appears that the Japanese 
physicists did not pursue lines of inquiry that 
provided feasible solutions to the problem of 
building a bomb. 

The atomic bombs that were dropped on 
the Japanese cities of Hiroshima and Nagasaki 
were developed from a cooperative effort of 
Britain and the United States. The United 
States took an interest in the possibility in 
1939, especially after celebrated refugee 
physicist Albert Einstein (1879—1955), prod- 
ded by Szilard, described the destructive po- 
tential of the bomb to President Franklin D. 
Roosevelt (1882—1945). But more impor- 
tant, German refugee physicists Rudolf 
Peierls (1907—1995) and Otto Frisch 
(1904—1979) conducted theoretical work in 
Britain in 1940 and 1941 that suggested if a 
sufficient amount of uranium—a “critical 
mass”—could be brought together at a high 
speed, it would yield an explosion equivalent 
to thousands of tons of dynamite. A British 
committee, code-named MAUD, soon issued 
a report with similar findings (1941). 

With the encouragement and recommen- 
dations of the British scientists, the U.S. and 
Britain combined their efforts in 1941 to try to 
develop the weapon. The first great success of 
the project occurred on 2 December 1942, 
when Italian immigrant Enrico Fermi 
(1901—1954) led a team of scientists (includ- 
ing Szilard) to achieve the first controlled fis- 
sion chain reaction. They called it a “pile,” but 
it was in fact the first working nuclear reactor. 
In the next several months, the United States 
devoted vast sums of money to develop ura- 


nium and plutonium production plants in Ten- 
nessee and Washington and set up a bomb- 
building site in Los Alamos, New Mexico. The 
project officially began in 1942 and was code- 
named Manhattan Engineer District, though 
typically it is called the Manhattan Project. 
The scientific leader would be U.S. physicist J. 
Robert Oppenheimer (1904—1967), but the 
overall director was a general in the Army 
Corps of Engineers, Leslie Groves 
(1896—1970). The first successful test of a 
weapon occurred in Alamogordo, New Mex- 
ico, in July 1945. The next month, the first 
atomic bombs used in war were dropped on 
Japan. The cooperative relationship with 
Britain ended, particularly after it was discov- 
ered that some of the important security leaks 
had been from British participants. The French 
were also excluded after the war ended, al- 
though some participated as part of a Canadian 
branch of the project. 

The Soviet Union also developed atomic 
bombs. There were a number of scientists on 
the British and U.S. teams who either sym- 
pathized with communism or wanted to en- 
sure that the United States did not have a 
monopoly on the bomb. Spies such as Ger- 
man immigrant (part of the British team) 
Klaus Fuchs (1911—1988) transferred valu- 
able information from Los Alamos to the So- 
viet Union during the war. However, the 
Soviet government did not make a commit- 
ment to building the bomb until its most 
pressing problem—the advance of German 
tanks and infantry—was taken care of. In 
early 1943, after the German army’s deci- 
sive defeat at the battle of Stalingrad, Ger- 
many’s advance was halted and the Soviet 
Union began its counteroffensive. Around 
the same time, Soviet leader Joseph Stalin 
(1879—1953) decided to hand over every- 
thing the government knew about atomic 
weapon development to leading physicists. 
Physicist Igor Kurchatov (1903—1960) led 
the Soviet bomb project. Despite the expec- 
tations of other countries, the Soviets pro- 
duced an atomic bomb in 1949, thus break- 
ing the U.S. monopoly. 
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Atomic Energy Commission 

The creation of the Atomic Energy Commis- 
sion (AEC) was one of the first major politi- 
cal battles involving scientists, military lead- 
ers, and politicians after World War II. 
During the war, science had benefited hand- 
somely from generous government patron- 
age, particularly from the military services. 
The Manhattan Project in particular had 
brought an international team of scientists 
together under military control, putting 
enormous resources at scientists’ fingertips, 
for the purpose of building a weapon of un- 
precedented magnitude. When atomic 
bombs were dropped on the Japanese cities 
of Hiroshima and Nagasaki, some of these 
scientists believed that the new weapon 
should be taken out of military hands and put 
into civilian ones. 

At the core of the argument was that the 
atomic bomb could not be considered a 
purely military weapon. Its use against Japan 
had required an order by the U.S. president; 
unlike conventional weapons, its use would 
have important political ramifications as well 
as military ones. Scientists were surprised 
when, less than two months after the atomic 
attacks against Japan, they learned that plans 
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for the postwar control of atomic energy had 
resulted in a bill being sent to Congress with- 
out their input. The bill originated in com- 
mittees oriented toward military affairs. 
Named the May-Johnson bill (after its initial 
sponsors in Congress), it was widely per- 
ceived as a blatant effort to use the momen- 
tum of victory in war to keep atomic weapons 
in the hands of the military. Active-duty offi- 
cers of the military would lead the commis- 
sion for atomic energy, according to this bill, 
and civilian scientists would play little role. 

Scientists who recently had formed the 
Federation of Atomic Scientists virulently at- 
tacked the bill, which led to a new one spon- 
sored by Senator Brien McMahon 
(1903-1952). The McMahon Bill gave the 
government a monopoly on bomb material, 
established a full-time commission, and pro- 
hibited active-duty military officers from 
being employed. Although there were nu- 
merous policy questions to be resolved be- 
tween the bills, the most significant issue ap- 
peared to be the question of control: Should 
atomic energy rest in civilian or military 
hands? The Atomic Energy Act was finally 
passed in 1946, taking shape from the McMa- 
hon Bill and acknowledging the need to es- 
tablish civilian control. It also provided a new 
policy role for scientists by creating within 
the AEC a general advisory committee made 
up of top scientists who had taken part in the 
U.S. bomb project. 

The AEC officially took control of the 
country’s atomic energy establishment on 1 
January 1947, with David E. Lilienthal 
(1899-1981) as the first AEC chairman. Al- 
though there was some expectation that the 
AEC would attempt to pursue nuclear power 
plants for peaceful applications, the vast ma- 
jority of its attention was focused on weapons 
development and production. Growing an- 
tagonism with the Soviet Union compelled 
AEC leadership to focus on making the 
atomic arsenal stronger. The number of 
bombs was a closely guarded secret. Only in 
the 1980s did the government reveal that the 
total number of bombs possessed by the 
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United States had been rather small: A total 
of nine had been produced in 1946. Also the 
Hiroshima and Nagasaki bombs had used a 
mere fraction of the material available for 
atomic fission, so the AEC’s technical agenda 
seemed clear: Build more efficient bombs. 

Aside from these tasks of production and 
development, the AEC also conducted nu- 
merous tests on how to integrate atomic 
weapons into battle tactics and to gauge the 
effects of atomic weapons on humans. Under 
a veil of secrecy, the AEC acted in concert 
with the U.S. military services in the Sand- 
stone tests of 1948, conducted in the Mar- 
shall Islands of the Pacific Ocean. Techniques 
included handing out badges to individual 
soldiers to measure the doses they were re- 
ceiving while carrying out conventional mili- 
tary operations. Radiation safety proved 
problematic for the AEC, because individuals 
often misunderstood or disobeyed orders, or 
tests unfolded in entirely unexpected (and 
unpredictable) ways, leading to many cases of 
accidental overexposure to the harmful ef- 
fects of atomic radiation. The AEC also con- 
ducted experiments on unwitting patients in 
civilian hospitals to test their bodies’ toler- 
ance to injections of plutonium. 
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Atomic Structure 

For many centuries, atom was the word used 
to describe the smallest particles. The ancient 
Greeks Leucippus and Democritus had pro- 
posed, in the fifth century B.C., that atoms 
were the building blocks of the world. In 
subsequent centuries, atom was an abstract 
concept that meant little more than some- 
thing small and indivisible. In the twentieth 
century, however, the atom lost its basic 
character of indivisibility, though physicists 
agreed that there were indeed atoms, that all 
material was composed of them, and that 
they share similar properties. Several models 
of atomic structure were devised. 

The first modern model to consider the 
atom as a unit with subatomic components 
was devised by British physicist J. J. Thomson 
(1856—1940) in 1897. His model was called 
the “plum pudding” atom because of the sim- 
ilarity between his model and the soupy culi- 
nary concoction. That year, Thomson already 
had made a serious breakthrough by discover- 
ing the electron, a negatively charged parti- 
cle. He believed that the atom was composed 
of these electrons (Thomson called them cor- 
puscles), which swam about randomly in a 
positively charged medium. The charges can- 
celed each other out, and the atom itself had 
no charge at all. Thomson was aware that his 
model posed some problems, particularly his 
positively charged medium, which many (in- 
cluding himself) had a difficult time believing 
could have no mass and cause no friction. By 
1910, experiments with radioactive decay 
showed the scattering of both beta and alpha 
particles (the first negative and the other pos- 
itive), which discredited the basic assumption 
of the model that only the negative charges 
were corpuscular in nature. 

The above alpha particle experiments 
were conducted at Britain’s Manchester Uni- 
versity under New Zealander Ernest Ruther- 
ford (1871—1937), who in 1911 devised 
another model to replace Thomson’s. 
Rutherford agreed with Thomson that the 
atom was composed of negatively charged 
particles (electrons). But he also believed 
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Two elderly physicists and Nobel Laureates, Sir Joseph John Thomson (1856-1940), of England, and Lord Ernest 
Rutherford (1871-1937), of New Zealand, speaking together. (Bettmann/ Corbis) 


that each atom had a very tiny center with a 
positive charge. The whole atom was about 
ten thousand times the size of the nucleus, 
and yet almost all of the atom’s mass was 
contained there. Initially this model was pro- 
posed simply to explain his scattering exper- 
iments. In order to explain the deflection of 
alpha particles by angles of more than ninety 
degrees, Rutherford insisted that there must 
be a point-particle of positive charge in the 
target medium. It soon became the main 
model of the atom. The negative electrons 
orbited the positive nucleus like the earth and 
other planets orbit the sun. 

Like the Thomson model, Rutherford’s 
atom had many problems; but in Ruther- 
ford’s case, they did not lead to the model’s 
demise. Instead, they required a theoretical 
explanation along the lines of the new scien- 


tific paradigm, namely, quantum physics. 
One serious problem with Rutherford’s 
atom was the energy released by electrons: If 
the electrons are in orbit, why do they not 
emit energy, as required by the laws of ther- 
modynamics? And if they do in fact release 
energy, should the electrons simply collapse 
into the nucleus? Danish physicist Niels Bohr 
(1885-1962) “saved” Rutherford’s atom 
from these tough questions in 1913 by devel- 
oping the concept of quantum orbits. The 
atom only gains or releases energy when 
electrons jump from one quantum orbit to 
another; otherwise, the electrons can orbit 
without concern about energy release. In ad- 
dition, the electrons can never jump closer to 
the nucleus than the innermost quantum 
orbit. Bohr justly became known as the lead- 
ing theoretical nuclear physicist from this 
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work, and it won him the Nobel Prize in 
1922. The structure of the atom as con- 
structed by Rutherford and Bohr was a cru- 
cial foundation of modern physics. 

Physicists continued to debate about the 
structure of the atom, usually in regard to the 
nucleus itself. Nuclear physics deals with the 
structure of atomic nuclei, which was studied 
intensely in the 1930s by observing nuclear 
reactions and through theoretical prediction. 
Particle accelerators such as the cyclotron, 
developed at Berkeley by Ernest Lawrence 
(1901-1958) in the 1930s, probed into the 
nucleus by speeding up particles and smash- 
ing them into nuclei. Outside the laboratory, 
Hideki Yukawa’s (1907-1981) 1935 “discov- 
ery” of mesons, a crucial aspect of the nu- 
cleus, was entirely theoretical. His was a 
mathematical prediction of the existence of a 
particle in the nucleus that physicists soon 
identified with observations made by U.S. 
cosmic ray researchers Carl Anderson 


(1905-1991) and Seth Neddermeyer 


(1907-1988) in 1937. Although this view 
was revised a decade later (Yukawa had pre- 
dicted what came to be called pions, whereas 
the Americans had found the muon), the re- 
search on mesons demonstrated that the 
atom itself was no “atom” at all in the sense 
envisioned by the ancient Greeks; instead, 
there were many more subatomic particles to 


be identified. 
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Bateson, William 
(b. Whitby, England, 1861; d. London, 
England, 1926) 

According to his wife, William Bateson 
was reading a long-neglected paper by Gre- 
gor Mendel (1822—1884) while on a train to 
London, on the way to give a lecture at a 
meeting of the Royal Horticultural Society. 
In the course of the journey, he decided to 
change the lecture to include a reference to 
the laws set forth in that long-forgotten 
paper. The truth is less sensational (the paper 
was probably by Hugo De Vries [1848-1935] 
and was about Mendel, not by him), but it 
conveys a sense of the impact of Gregor 
Mendel’s work on hybridization, and its re- 
discovery at the turn of the century, on the 
life work of William Bateson. 

By the time of the rediscovery of Mendel 
in 1900, Bateson already was an accom- 
plished biologist, though out of step with 
most of his contemporaries. Early on he was 
convinced that the prevailing view of evolu- 
tion did not provide an adequate description 
of positive change over time. He attacked 
Charles Darwin’s (1809-1882) theory, evo- 
lution by means of natural selection, for its 
focus on small but continuous changes and its 
reliance on adaptation as the guiding force 
behind evolution. He refused to believe that 
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minor variations could ever provide a useful 
change for an organism. Rather than con- 
stant, gradual accumulation of an organism’s 
modifications, Bateson proposed major mod- 
ifications occurring at once, in sudden steps. 

These views brought Bateson into direct 
conflict with the biometrical school of biol- 
ogy, led by Karl Pearson (1857—1936) and 
Walter F. R. Weldon (1860—1906). These 
biometricians correlated death rates to meas- 
urable characteristics, such as the width of a 
crab’s shell. They were using statistical analy- 
sis to demonstrate natural selection in 
species. Bateson’s hostility to continuous 
change provoked a heated debate, but cer- 
tainly not one that was resolved in his favor. 
His efforts to counter the arguments of the 
biometricians led him to conduct breeding 
experiments of his own, to identify the 
process by which features were inherited. 
His views were reinforced by the 1900 redis- 
covery of Mendel. Bateson came to view 
Mendel’s work as the mathematical corner- 
stone of a new science. He soon became 
Mendel’s most vocal champion and even 
published the first translation of his work in 
English. Bateson saw in Mendel the possibil- 
ity of establishing universal laws of heredity 
through discontinuous variation for both 
plants and animals. 
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Bateson published Mendel’s Principles of 
Heredity in 1902 and began to trumpet 
Mendelism as a new science. In 1905 he 
called it “genetics.” More than half of his re- 
search staff was composed of women, who he 
employed to conduct breeding experiments 
on various plants and animals to prove the 
laws of Mendelian inheritance. Lacking a se- 
cure position (he finally became a professor 
in 1908), he was particularly ruthless in his 
critiques of others, trying to establish a name 
for himself. He waged against the biometri- 
cians an embittered and increasingly personal 
battle that, while doing credit to neither side, 
helped to publicize the new science. He co- 
founded The Journal of Genetics in 1910. In 
1914, he became president of the British As- 
sociation for the Advancement of Science, 
clear evidence that he had brought his new 
science into the mainstream. 

Genetics soon outstripped Bateson’s in- 
tentions, somewhat to his dismay. Instead of 
providing a mechanism for positive evolu- 
tion—for new changes in organisms—hered- 
ity more and more appeared to be confined 
to establishing laws by which already existing 
traits were passed from one generation to the 
next. The process of introducing new charac- 
teristics seemed less clear. The mutation the- 
ory of Hugo De Vries provided the kind of 
saltations, or significant and discontinuous 
changes, that Bateson long wished to iden- 
tify. But by 1914, Bateson openly expressed 
doubt that evolution ever produced gen- 
uinely new characteristics. Mutations, in his 
view, were degenerative and destructive, not 
positive and constructive. Perhaps, he sug- 
gested, what we see as “new” characteristics 
are simply the result of a mutation destroying 
a gene that previously had masked another. 

Bateson also opposed another develop- 
ment in genetics: the chromosome theory of 
inheritance. This theory posited a material el- 
ement within the cell’s nucleus as the agent 
of heredity. But Bateson could find no direct, 
visible relationship between any given chro- 
mosome and a physical trait in an organism. 
He proffered in place of the chromosome 


theory a “vibratory” theory of inheritance 
based on motion. This mechanistic theory 
seemed, to Bateson, preferable to the mate- 
rialistic one provided by chromosome the- 
ory. Bateson’s career after about 1915 took a 
conservative turn, as his life’s creation took a 
turn toward the chromosome theory he dis- 
trusted. Perhaps for him it evoked the same 
materialistic devils that had troubled him 
about natural selection. His “vibratory” the- 
ory of inheritance found few adherents. In 
the final decade of his life, Bateson found 
himself on the periphery of the science he had 
helped to found. 


See also Biometry; Chromosomes; Genetics; 
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Becquerel, Henri 
(b. Paris, France, 1852; d. Le Croisie, 
Brittany, France, 1908) 

Henri Becquerel was born into a dynasty 
of French physicists. His father and grandfa- 
ther had both been members of the French 
Academy of Sciences and both were profes- 
sors of physics at Paris’s Museum of Natural 
History. Henri would do the same, all before 
achieving more lasting distinction as the dis- 
coverer of radioactivity. In the final years of 
the nineteenth century, Becquerel’s active 
research seemed to be behind him. He was in 
his mid-forties, had established his reputation 
through studies in optics, and recently had 
succeeded his father’s two chairs of physics at 
the museum and at the Conservatoire Na- 


tional des Arts et Metiers. Yet his singular 
contribution to twentieth-century science 
still lay ahead. 

This next phase was catalyzed by Wilhelm 
Rontgen’s (1845—1923) discovery of X-rays 
in 1895. These strange rays, which passed 
easily through many kinds of solid material 
and could produce photographs of bones un- 
derneath the skin of living people, astonished 
the world and the scientific community alike. 
The rays appeared to originate in the region 
of a vacuum tube struck by cathode rays (ex- 
periments with cathode rays had been wide- 
spread among physicists for decades). That 
region appeared to glow, or “phosphoresce,” 
leading Becquerel and others to believe that 
perhaps all luminescent bodies emit some- 
thing similar to X-rays. 

Becquerel’s subsequent experiments are 
now famous for leading to an accidental dis- 
covery that could only be made by a prepared 
mind. He exposed samples of potassium ura- 
nium sulfate to sunlight and then set them 
near photographic plates wrapped with 
metallic objects, such as coins, in thick black 
paper. He found that, despite the presence of 
the paper, the photographic plates had been 
exposed, and the resulting photograph 
showed a silhouette of the metallic object. To 
Becquerel, this seemed to demonstrate that 
phosphorescence—the lingering glow emit- 
ted after absorbing light from the sun—in- 
deed led to the emission of some kind of ray, 
like X-rays. But he soon noticed something 
puzzling. He put a sample of the mineral into 
a dark drawer next to photographic plates, 
again wrapped in thick black paper with 
metal objects. Then he decided to develop 
the plates. Why did Becquerel develop these 
plates if the point of his experiments was 
recording phosphorescence? He later claimed 
that he expected to find weak images, per- 
haps as a result of long-lived phosphores- 
cence in the mineral from previous exposure 
to the sun. Had he found such results, he 
would have found evidence that the emitted 
rays diminished in intensity over time after 
being removed from sunlight. 
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Henri Becquerel, discoverer of radioactivity. 
(Bettmann / Corbis) 


However, when he developed these plates, 
Becquerel saw that the silhouettes of the 
metallic objects were just as pronounced as 
before, and thus the “ray” was just as intense 
as it had been immediately after the mineral 
was exposed to the sun. He had to conclude 
that the exposure was not a result of phos- 
phorescence as it was then understood. In- 
stead, something entirely different was occur- 
ring that might have nothing to do with a 
lingering glow from previous exposure to 
sunlight. The “ray” came from the mineral it- 
self, regardless of external stimulation. 

Becquerel had discovered radioactivity, al- 
though this name came into use only after 
Marie Curie (1867-1934) coined it. But at 
the time, it was far from clear what these new 
rays truly were. They were not X-rays, but 
still Becquerel thought perhaps they could be 
explained by some particular manner in which 
metals phosphoresce. Soon he, followed by 
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Pierre Curie (1859-1906) and Marie Curie, 
began to study this new phenomenon in 
earnest, finding that pure uranium emitted 
“rays” several times more intense than the 
mineral first used. Soon the Curies would 
identify other radioactive metals and even 
discover new radioactive elements. The 
three of them shared the 1903 Nobel Prize in 
Physics. The scientific problems presented by 
the discovery of radioactivity in the twilight 
of the nineteenth century engaged the best 
minds in chemistry and physics during the 
first half of the twentieth century. Ultimately 
radioactivity would transform human under- 
standing of nature, especially the structure of 
the atom. 


See also Curie, Marie; Radioactivity; Uranium; 
X-rays 
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Big Bang 

The Big Bang was the generic phrase given to 
theories that the universe originated in an ex- 
plosion. More specifically, the introduction 
of the Big Bang theory into cosmology in the 
1930s provided yet another replacement of 
Newtonian physics with a new idea brought 
about by Albert Einstein’s (1879-1955) the- 
ory of general relativity. In place of the sta- 
ble, mechanistic clockwork came an unsta- 
ble, fast-moving, expanding universe. The 
term originally was used derisively by Fred 
Hoyle (1915—2001) in 1950 to describe the 
cosmological ideas set forth by Georges 
Lemaitre (1894—1966). 

Georges Lemaitre was a Belgian physicist 
whose interest in creation (he was also a Je- 
suit) ultimately led to the Big Bang theory. 
His cosmological preconceptions convinced 


him that a beginning state could be found, 
and he proposed the existence of a “primal 
atom” long ago that exploded to form the 
present universe. Lemaitre had studied under 
Arthur Eddington (1882—1944) at Cam- 
bridge University in the early 1920s and 
spent nine months at the Harvard College 
Observatory. His ideas were built on Ein- 
stein’s general theory of relativity and his 
own critique of existing cosmologies, such as 
that of Willem De Sitter (1872-1934). He 
published about his theory in 1927, but it was 
not widely read until it was translated and 
published by Eddington in 1931. By that 
time, the interpretation of red shifts in nebu- 
lar spectra by Edwin Hubble (1889-1953) in 
1929 had convinced most astronomers of the 
possibility that the universe is expanding. 
The question arose: Expanding from what? 
Many physicists were hostile to the idea of 
the Big Bang. Einstein at first rejected it when 
he heard of Lemaitre’s idea, but he was also 
one of the first to change his mind. Eddington 
objected to the notion of a “beginning” to the 
present order of things in the universe. But in 
1933 Lemaitre argued persuasively that the 
quantum interpretation of thermodynamic 
principles seemed to lead inexorably toward 
his own view, that of a “fireworks” theory that 
sees the present universe as a very different 
one from the way things once were. As he put 
it: “The last two thousand million years are 
slow evolution: they are ashes and smoke of 
bright but very rapid fireworks” (Danielson 
2000, 410). In the late 1940s, Russian-born 
physicist George Gamow (1904—1968) and his 
colleague Ralph Alpher (1921—) extended 
Lemaitre’s theory by envisaging a primordial 
state of neutrons, protons, and electrons sur- 
rounded by radiation. A major explosion, they 
argued, would have given birth to the light el- 
ements in the first few moments after the 
“bang,” as subatomic particles began to adhere 
together in (relatively) cooler temperatures. 
British cosmologist Fred Hoyle noted in 
1950 that “this big bang idea” was unsatisfac- 
tory, and the name stuck. Hoyle’s criticisms 
in the 1950s gave the Big Bang a competing 
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A new explanation of the origin of the universe, dubbed by critics as the “Big Bang” theory, was proposed by Georges 


Lemaitre. (Bettmann/ Corbis) 


cosmology. Hoyle did not argue for the eter- 
nality of the world, but rather the continuous 
creation of matter. Hermann Bondi (1919-), 
Thomas Gold (1920—), and Hoyle proposed 
their Steady State theory in 1948. While 
Lemaitre and Gamow wrote of an event at 
the beginning of time, they proposed that 
new matter spontaneously was created con- 
stantly in a steady state (hence the name). 
The Big Bang theory proved controversial. 
Some religious critics objected to the contra- 
dictions with the revelations of the Bible, 
while some atheists felt that the theory left 
far too much room for God, because it lo- 
cated the universe’s origins in a specific 
event. Certainly this aspect of the theory was 
appealing to theologically minded thinkers 


such as Lemaitre. But astronomers were not 
convinced by mid-century. The theory had 
some serious problems, such as its inability to 
explain galaxy formation. In addition, al- 
though the explanation by Gamow and 
Alpher of the creation of light elements was 
impressive, they had not done anything close 
to a convincing job of explaining the creation 
of heavy elements. No one could find a math- 
ematically sound solution that could explain 
elements heavier than helium. Although the 
theory was not abandoned, it clearly was in- 
complete. The theory’s architects appeared 
to abandon it: Gamow moved on to other 
scientific fields, including molecular biology, 
while Alpher took a job in private industry. 
The Steady State theory enjoyed much more 
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notoriety and support in the 1950s. How- 
ever, the Big Bang theory enjoyed a renais- 
sance in the 1960s when discoveries of cos- 
mic background radiation, relics of the 
universe’s original fireworks, seemed to back 
up predictions made by the Big Bang theo- 
rists. Lemaitre, who died in 1966, lived long 
enough to see his “fireworks” theory revived. 


See also Astrophysics; Cosmology; Gamow, 
George; Religion 
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Biochemistry 

Biochemistry is concerned with chemical 
processes in living matter. In the first half of 
the twentieth century, some of the major 
work in this field was related to metabolic 
processes in the living cell and the role of en- 
zymes. By mid-century, biochemistry per- 
meated many fields, including fruitful inter- 
disciplinary studies in areas such as 
morphology and genetics. 

Germany was the major focal point of 
chemistry around the turn of the century. 
German scientists often worked to aid that 
country’s robust dye industry. From. this 
community came the work of Adolf Von 
Baeyer (1835—1917), who had determined 
the structure of a series of organic dyes, in- 
cluding indigo. Another was Otto Wallach 
(1847—1931), whose work on oils proved 
very useful to German industry. One of Von 
Baeyer’s students, Emil Fischer (1852— 
1919), also worked on dyes. But Fischer stud- 
ied other organic compounds, such as those in 
tea and coffee, and he found that many or- 
ganic substances contained chemicals that ap- 
peared to be related, in a category he called 


purines. His work on purines and his synthe- 
ses of sugars in the 1890s provided a founda- 
tion for the chemistry of organic substances. 
Fischer, Von Baeyer, and Wallach all were 
recognized in the fist decade of the century by 
being awarded Nobel Prizes in Chemistry. 

Another winner of the Nobel Prize was 
Eduard Buchner (1860—1917), whose work 
on enzymes became fundamental for the 
study of biochemistry. Buchner focused on 
the fermentation of sugar as it turned into al- 
cohol, noting that the presence of yeast cells 
was not always necessary. This appeared to 
contradict the older notion that the basic life 
force comes from living cells. Scientists such 
as Louis Pasteur (1822—1895) in the nine- 
teenth century had argued that fermentation 
required the presence of living yeast cells. By 
contrast, Buchner demonstrated that fermen- 
tation resulted from the action of the en- 
zymes (a protein substance) produced by the 
cells. Buchner made this discovery in 1897, 
and this date is often hailed as the birth of 
biochemistry. 

Englishman Arthur Harden (1865—1940) 
had begun work on glucose but soon was fas- 
cinated by the chemistry of the yeast cell. 
Extending Buchner’s work, he and his col- 
league William John Young (1878—1942) 
showed that fermentation also required an- 
other substance, the co-zymase. Harden’s 
systematic chemical study of the fermenta- 
tion process of sugar in yeast proved useful 
for numerous other scientists interested in 
biochemical processes. He demonstrated the 
important role played by phosphates in alco- 
holic fermentation. This resulted in his 
book, Alcoholic Fermentation (1911). He be- 
came an influential figure in the field, editing 
the Biochemical Journal from 1913 to 1938. 
Nearly two decades after his pioneering 
work on fermentation, he was awarded the 
Nobel Prize in Chemistry (1929), an honor 
shared with the German Hans von Euler- 
Chelpin, who also had contributed to under- 
standing alcohol fermentation. 

Studies of enzymes culminated in the 
1920s in the work of Cornell University’s 


James B. Sumner (1887—1955), who claimed 
that enzymes could be crystallized. This work 
was not accepted immediately, however, and 
work on organic crystals did not accelerate 
until after World War II. Most of the impor- 
tant work in biochemistry before the war was 
related to the chemistry of metabolic 
processes. Scientists sought to discover how 
living cells broke down fats, proteins, and 
carbohydrates into smaller molecules. The re- 
lationships between these processes proved 
elusive to scientists. The Germans Hans 
Krebs (1900-1981) and his colleague Kurt 
Henseleit (1907—1973) at the University of 
Freiburg were the first to identify the crucial 
metabolic “pathway,” or the underlying 
process taking place by the action of the living 
cell. The “Krebs cycle,” as it became known, 
accomplished the breakdown of complex 
molecules, releasing energy that was then 
used by the cell itself for its own sustenance. 
In 1933, the Nazis fired Krebs, and he moved 
to England, where he continued his work and 
more fully developed his conception of the 
cycle, also called the citric acid cycle, by 
1937. German-born Fritz Lippman (1899— 
1986) provided evidence that affirmed 
Krebs’s model of metabolic processes. Both 
men were awarded the Nobel Prize in Physi- 
ology or Medicine in 1953. 

Biochemistry, already an interdisciplinary 
study, expanded further in the 1930s and 
1940s. British biologist Joseph Needham 
(1900-1995), known as both scientist and 
historian of science, helped to unify bio- 
chemistry and morphology during these 
years. In 1931, he published his book, Chem- 
ical Embryology, which treated the develop- 
ment of the embryo in terms of chemical 
processes. In 1942, he made more explicit 
connections between these two subfields of 
biology, resulting in the book Biochemistry and 
Morphogenesis. Also in the early 1940s, Amer- 
icans George Beadle (1903—1989) and Ed- 
ward Tatum (1909—1975) brought genetics 
to the study of biochemistry. Although ge- 
netics typically had been useful in studying 
heredity—or developmental genetics—Bea- 
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dle and Tatum used it to identify biochemical 
pathways in propagation of molds and fungi, 
particularly Neurospora, a bread mold. After 
World War II, studies of biochemistry in- 
creasingly focused on genetic relationships. 


See also Amino Acids; DNA; Genetics 
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Biometry 

Biometry, or statistical biology, came to 
prominence in the early twentieth century as 
a means of representing patterns of heredity. 
Francis Galton (1822—1911) was one of the 
first to make significant use of biometry in 
the nineteenth century, as a way to demon- 
strate that saltative change—or sudden, dis- 
continuous change—took place and that such 
changes were inherited. He believed that a 
study of change in a large population, ana- 
lyzed through statistics, could show the 
spread of variation. His disagreement with 
the views of his cousin Charles Darwin 
(1809—1882) hinged upon Darwin’s insis- 
tence on continuous, nonsaltative variation in 
organisms. Ironically, the twentieth-century 
biometricians took the opposite view, that 
Darwin was correct and that statistics could 
prove it. The argument about continuous 
change and discontinuous change created se- 
rious discord between Darwinian evolution 
and Mendelian genetics in the first decades of 
the twentieth century. 

Statistics had the power to lend scientific 
credence to vague and perhaps intangible 
ideas by providing them with a semblance of 
precision and quantitative accuracy. Biometry 
in particular gave authority to the eugenics 
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movement, and leading eugenicists often 
constructed their work in such a way that the 
results could be represented easily with nu- 
Galton himself was the 
founder of eugenics. He believed that Dar- 


merical values. 


win’s view of natural selection indicated that 
“artificial” selection could be implemented 
in order to improve the race as a whole, at 
least in the short term (but in the long term, 
he believed, only sudden mutations could 
have a permanent effect). One of Galton’s 
admirers, the mathematician Karl Pearson 
(1857-1936), carried on the biometric 
methodology to demonstrate Darwin’s view 
of continuous variation. Karl Pearson also 
believed that his statistical data provided a 
strong scientific justification to urge govern- 
ments to guide or shape human breeding in 
society. Because he believed, unlike Galton, 
in continuous change, Pearson also believed 
that long-term racial improvement was pos- 
sible through social policy. 

Two principal biometricians were Pear- 
son and the biologist Walter F. R. Weldon 
(1860-1906). Pearson founded Biometrika: A 
Journal for the Statistical Study of Biological 
Problems in 1901. Acting as editor, Pearson 
used this journal as the mouthpiece for his 
own ideas and attracted others outside his 
laboratory to use biometric methods and 
principles and publish them. Like Pearson, 
Weldon was a Darwinian biometrician and a 
convinced eugenicist. Weldon conducted 
studies of crabs and snails, hoping to show a 
correlation between death rates and a partic- 
ular trait; in both cases, the trait was the size 
of the shell. The criterion seemed arbitrary 
to some opponents, particularly because 
Weldon made little effort to identify pre- 
cisely what the utility of a larger shell would 
be if the Darwinian mechanism of natural se- 
lection was supposed to “select” crabs with 
larger shells over crabs with smaller ones. 
Weldon’s work succeeded in showing that in 
some cases, larger crabs survived more often 
than smaller crabs, but these results con- 
vinced few of the skeptics. 


Pearson and Weldon became bitter oppo- 
nents of Mendelian geneticists such as 
William Bateson (1861—1926). The geneti- 
cists, taking for granted the mathematical 
“laws” of inheritance posited by Gregor 
Mendel (1822—1884) in the nineteenth cen- 
tury, believed that inheritance should be dis- 
continuous. Bateson did not believe that nat- 
ural selection had any significant power, 
certainly not when compared with genetic 
inheritance. The emphasis of the biometri- 
cians on continuous change and the emphasis 
of the geneticists on discontinuous change 
created disharmony between the Darwinian 
and Mendelian views. The dispute, which 
turned into personal animosity between Bate- 
son and Weldon, separated the Mendelians 
and Darwinians into hostile camps, making 
scientific reconciliation difficult. 

Biometry itself evolved as scientists of a 
younger generation accepted a synthesis of 
Mendelian and Darwinian ideas, and as they 
adopted the tools of chromosome analysis. 
The field more properly was known as popu- 
lation genetics, as researchers such as Ronald 
A. Fisher (1890—1962) adapted biometrical 
methods to understanding Mendelian inheri- 
tance. Dealing with large numbers of organ- 
isms, population genetics embraced the 
statistical approach pioneered by the bio- 
metricians but without the hostility toward 
Mendelian inheritance. In the 1920s, re- 
searchers such as Fisher, J. B. S. Haldane 
(1892—1964), and Sewall Wright (1889— 
1988) provided the theoretical synthesis to 
ameliorate the problems that had plagued the 
field when it was dominated by the antago- 
nistic voices of Weldon and Bateson. The 
new findings emphasized the primacy of 
Mendel’s laws of inheritance but included 
other factors as well, such as mutation as an 
agent of change and Darwinian natural selec- 
tion as a mechanism for the evolution of the 
whole population. 


See also Bateson, William; Eugenics; Evolution, 
Genetics 
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Birth Control 


Human reproduction was a difficult political 
issue in the first half of the twentieth century. 
In the United States, the birth control move- 
ment was coupled with efforts to reclaim 
women’s control over their own bodies dur- 
ing a time when both science and law seemed 
poised to deprive them of it. Many states 
passed laws in the late nineteenth century 
forbidding not only abortions but also any 
form of contraception, while male profes- 
sional physicians were marginalizing tradi- 
tional women’s roles in childbirth. Mean- 
while, efforts to promote birth control were 
tied very closely to the eugenics movement 
in both the United States and Britain. 

At the turn of the century, about half of 
the births in the United States involved the 
use of midwives. The percentage was even 
greater among immigrants, the working 
class, and in rural areas. Over the next gen- 
eration or so, however, midwives were re- 
placed as more Americans put their trust in 
doctors or as doctors gradually pushed mid- 
wives out of the process. The change sparked 
lively debate in the 1920s about the necessity 
of “modern” medical knowledge in ensuring 
healthy childbirth. Midwives argued that 
their own expertise was sufficient for most 
births. But for the most part, the doctors 
won the argument, consolidating their con- 
trol over childbirth and associating it increas- 
ingly with hospitals, anesthetics, and even 
surgery. It was also an example of gender 





Birth Control 29 


d 


Margaret Sanger, president, National Committee on Federal 
Legislation for Birth Control. (Underwood & 
Underwood / Corbis) 


conflict, as childbirth once was the province 
of female expertise, but by the first half of the 
twentieth century it was firmly under the 
control of a profession dominated by men. 
The birth control movement became rad- 
ical between 1910 and 1920, at the same 
time that the women’s suffrage movement 
saw its great successes in the United States. 
Birth control became a major issue largely 
through the efforts of the American Mar- 
garet Sanger (1883—1966), whose mother 
had died of tuberculosis at an early age; 
Sanger attributed her mother’s weakness to 
the exhaustion of giving birth to eleven chil- 
dren and enduring several miscarriages. 
Margaret Sanger advocated birth control as a 
means of achieving feminine autonomy, 
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believing that unwanted or unplanned preg- 
nancies were a serious burden for women. In 
1914 she began using the term birth control, 
and she promoted contraception despite the 
1873 Comstock Act, which had made con- 
traception illegal. She opened a birth control 
clinic in 1916 and was arrested; two years 
later a federal court ruled that birth control 
sometimes could be permitted for health 
reasons. In 1936, a more important decision 
was reached in a circuit court of appeals that 
contraceptive devices could be sent through 
the mail. This had at least two effects: It pro- 
vided a way to circumvent the many state 
laws against birth control, and it proved to 
the medical establishment and industry that 
there might be a profitable market for im- 
proved methods of contraception. Capitaliz- 
ing on this, Sanger spearheaded the effort to 
develop an oral contraceptive. Her efforts 
sparked movements elsewhere also. Before 
the rise of the Nazis in Germany, for exam- 
ple, Sanger’s work informed a major move- 
ment of sexual liberation, including an effort 
to decriminalize abortions. The emphasis on 
women’s sexual freedom was effectively 
halted by the Nazis, who used birth control 
in quite a different way—to shape the re- 
productive patterns of the entire population 
to ensure racial purity. 

Although the objective to empower 
women typifies historical understanding of 
the birth control movement, there were 
many motivations for it. Part of the rationale 
for birth control was the role it could play in 
eugenics, or selective breeding. U.S. and Eu- 
ropean physicians and biologists saw birth 
control as a way to contain the reproduction 
of the “unfit” in society. Part of the problem, 
they believed, was that the limitations in 
birth control technology forced educated or 
conscientious women to self-select them- 
selves and their potential offspring out of so- 
ciety. Birth control technology remained rel- 
atively stagnant during the first half of the 
century. Douches, diaphragms, and condoms 
were available before the twentieth century. 
They already were fairly effective; by 1900 


U.S. women on average bore about half as 
many children as they had a century before 
(7.04 in 1800 and 3.56 in 1900). The search 
for a pill, pursued from the 1920s onward, 
came largely from the belief that these tradi- 
tional forms of birth control often were too 
complex for all classes of society and that 
poorly educated women needed a simple al- 
ternative that would still give them repro- 
ductive control. The term race suicide embod- 
ied fears that the racial composition of society 
would be dominated by those least likely to 
use birth control—the poor, the uneducated, 
or the supposedly inferior ethnic minorities. 
Eugenicists were ardent supporters of early 
birth control clinics in the 1920s and 1930s, 
and they also financed scientific efforts to find 
an alternative to traditional birth control 
technology. In return, birth control advo- 
cates like Sanger and others used the poten- 
tial eugenic benefit of birth control to en- 
courage biologists, geneticists, and doctors to 
take a more active role in studying contra- 
ceptive technology. Because of this potential 
well of support, the argument for eugenics 
was more commonplace among birth control 
advocates during the 1920s and 1930s than 


was the argument for feminism. 


See also Eugenics; Women 
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Bjerknes, Vilhelm 
(b. Christiania [later Oslo], Norway, 1862; 
d. Oslo, Norway, 1951) 

Vilhelm Bjerknes was born into science 
through his father, Carl Bjerknes (1825— 
1903), who already had conducted impor- 
tant work in hydrodynamics, the branch of 
physics concerned with fluids in motion. Al- 
though he made a decision in the 1880s to 
cease collaboration with his father, Vilhelm 
Bjerknes never was able to divorce himself 
from his father’s work. Ultimately the 
younger Bjerknes, too, would make major 
contributions to hydrodynamics, and in fact 
he would become one of the principal 
founders of modern meteorology. 

A native of Norway, Bjerknes traveled 
widely during his studies, including a two-year 
stint in Germany as Heinrich Hertz’s 
(1857-1894) assistant at the University of 
Bonn. There he conducted work on Hertz’s 
specialty, electrodynamics, a branch of physics 
that attempts to understand how electric cur- 
rents behave, using magnets and other electric 
currents. When he returned to Norway, he 
wrote his Ph.D. dissertation on that topic, and 
his work provided him with the scientific cre- 
dentials to obtain an appointment as professor 
at the University of Stockholm in 1895. 

But Bjerknes did not stray from his fa- 
ther’s field of specialization forever. While at 
Stockholm, he brought his own education in 
physics to bear on the problems of hydrody- 
namics. He generalized the ideas of two lead- 
ing physicists, William Thompson (Lord 
Kelvin) (1824—1907) and Hermann Helm- 
holtz (1821—1894), who had discussed the 
velocities of circulation and the conservation 
of circular vortices in fluids. Bjerknes con- 
ceived of the fluid not just as a hydrodynamic 
system, but also as a thermodynamic system, 
where the presence of heat and its conversion 
to other forms of energy had to be taken into 
account. Such an approach, Bjerknes rea- 
soned, would enable a better understanding 
of the atmosphere and the ocean. This broad- 
ened the scientist’s understanding of what 
was involved in dynamic processes but made 
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the systems themselves much more complex 
for the theoretician. 

If theories of circulation, combining hy- 
drodynamic and thermodynamic principles, 
could be applied to the atmosphere and 
ocean, scientists could use knowledge of 
present conditions to predict future ones. 
Bjerknes soon found himself being hailed as a 
leading geophysicist, and eventually he was 
invited to the University of Bergen to start a 
geophysical institute. There, Bjerknes pro- 
moted the practical value of his research for 
fisheries, weather forecasting, and military 
uses. His work at the University of Bergen 
resulted not only in some efforts to develop 
reliable meteorological services, but also in a 
research program in theoretical meteorol- 
ogy. While at Bergen, he published one of his 
classic works, On the Dynamics of the Circular 
Vortex with Applications to the Atmosphere and to 
Atmospheric Vortex and Wave Motion (1921). 

The influence of Bjerknes’s “Bergen 
school” went far beyond his native Norway. 
His approach to the study of the sea and at- 
mosphere inspired interdisciplinary research 
in geophysics in Europe and the United States 
and also provided a model for modern 
weather services. 


See also Meteorology; Sverdrup, Harald 
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Boas, Franz 
(b. Minden, Germany, 1858; d. New York, 
New York, 1942) 

Franz Boas was the most influential an- 
thropologist in the United States during the 
first decades of the twentieth century. His 
efforts to make anthropology more “scien- 
tific” had mixed results: On the one hand, 
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he emphasized rigorous methodology, yet 
on the other hand, his hostility to specula- 
tion often blocked evolutionary approaches 
to anthropological problems. 

Boas began his career by familiarizing him- 
self with the anthropology community in 
Berlin, and he was influenced by Adolf Bas- 
tian (1826—1905) and Rudolf Virchow 
(1821—1902). In 1883, he participated in an 
expedition to the arctic regions of North 
America, where he studied local geography 
and Eskimo culture. This began a career-long 
fascination with the linguistics and ethnology 
of the native peoples of the Northwest Coast. 
Boas returned to Germany and lectured on 
geography at the University of Berlin. But his 
early career was clouded by anti-Semitism, 
which made him the object of discrimination 
and insults. A visit to the United States, for a 
meeting of the American Association for the 
Advancement of Science, led to his taking a 
position as assistant editor of the journal Sci- 
ence. He became a lecturer in anthropology at 
Clark University and, in 1892, conferred 
North America’s first Ph.D. in anthropology 
on A. F. Chamberlain. He then worked in 
museums for several years before taking both 
a position in physical anthropology at Colum- 
bia University (1899) and the post of curator 
of anthropology at the American Museum of 
Natural History (1901). 

One of the key ideas behind Boas’s work 
was that reality has some underlying, know- 
able structure that is masked by the variations 
apparent in nature. The way to discover this 
structure in humans was through empirical in- 
vestigation to determine the range of differ- 
ences; these differences had many external 
origins, based on environment and historical 
experience. In his introduction to the Hand- 
book of American Indian Languages (1911), he 
noted that the aim of a scientific anthropology 
was to outline the psychological laws that gov- 
ern human behavior. To do so, one needed to 
understand and identify the variations of them. 

The differentiation between a stable inner 
core and a relatively plastic external form 


echoed biological thinking on heredity at the 
dawn of the twentieth century. This is no ac- 
cident; Boas’s goal was to make his discipline 
as rigorous and exact—as “scientific”—as 
possible. For him, this meant a rejection of 
speculative theories, including evolution. He 
believed that investigators should proceed in- 
ductively, confining themselves to their data 
and avoiding large-scale inferences. He advo- 
cated the “historical” method, which would 
analyze processes of cultural change—such as 
in language, myths, folklore, and art—to 
measure individual forms and variations of 
them. In this way, “elements” of culture 
could be plotted through time and space. Be- 
cause of the multitude of possible variations, 
Boas cautioned strongly against making broad 
inferences and preferred as strict an empirical 
method as possible. 

The result of this approach was that Boas 
opposed evolutionary approaches and any in- 
terpretations that proposed cultures being 
diffused en bloc, without alteration. He 
strongly opposed the notion that societies are 
defined purely by their racial composition (in 
other words, he was against racial determin- 
ism), but instead were a complex mix of var- 
ious environmental and historical factors. He 
explicitly critiqued the notion of African 
American inferiority and praised African cul- 
tural achievements. His statements in this re- 
gard proved influential on African American 
intellectuals such as W. E. B. Du Bois 
(1868—1963). Cultural traditions were ex- 
ternal representations molded by compli- 
cated historical processes, without possibility 
of uniformity. Yet for Boas, human types 
seemed permanent. The job of the anthro- 
pologist was to demonstrate the range and 
historical sources of variations, to allow these 
permanent features to be recognized. Only 
then could anthropologists identify genuinely 
“genetic” human types. In his Materials for the 
Study of Inheritance in Man (1928), Boas 
showed how the distinctive head shapes of 
two different immigrant groups (Jews from 
Eastern Europe and southern Italians) 


seemed less pronounced after the groups ar- 
rived in New York and shared the same urban 
environment. For Boas, this illustrated his 
point that most variation in nature was envi- 
ronmental; the true differences would be 
much more difficult to identify. 

Boas and his ideas were very influential in 
the United States, not only among anthropol- 
ogists, but among scientists as a whole. He 
served as president of the New York Acad- 
emy of Science (1910) and the American As- 
sociation for the Advancement of Science 
(1931). His hostility to focusing on evolution- 
ary problems and his great influence, not only 
on colleagues but also on a generation of stu- 
dents, seemed to tarnish his legacy somewhat. 
Some argue that he inhibited studies of an- 
thropology, particularly in the United States, 
where he exercised extraordinary influence in 
publication and organizations. But the reverse 
is also true: His rejection of evolutionary ap- 
proaches, which he deemed overly specula- 
tive, facilitated an embrace of methodological 
rigor and an acknowledgment of the limita- 
tions and ambiguity of evidence. 


See also Anthropology; Determinism; Mead, 
Margaret; Race; Scientism 
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Bohr, Niels 
(b. Copenhagen, Denmark, 1885; d. 
Copenhagen, Denmark, 1962) 

Niels Bohr was a giant of twentieth-cen- 
tury physics, rivaled only by Albert Einstein 
(1879-1955) in reputation. He brought 
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quantum theory into the atom and estab- 
lished a fundamental, even philosophical, 
principle in quantum mechanics. He also 
helped to build the atomic bomb and tried, 
unsuccessfully, to prevent a nuclear arms 
race. Bohr stands against Einstein as the sym- 
bol of the new physics, with its rejection of 
determinism and its abandonment of the 
dream of understanding the fundamental re- 
ality of nature. 

After finishing his doctorate at the Univer- 
sity of Copenhagen in 1911, Bohr traveled to 
England to work with J. J. Thomson 
(1856—1940) at Cambridge. He hoped to ex- 
tend his dissertation work on electrons in 
metals. But Thomson had given up his inter- 
est in electrons, so Bohr moved to Manches- 
ter to work with Ernest Rutherford 
(1871—1937). Here he took up the problem 
of atomic structure. Rutherford’s model of 
the atom, with electrons in orbit around a 
nucleus, had recently supplanted Thomson’s 
“plum pudding” atom. But Rutherford’s 
model was incomplete because mechanical 
laws predicted that the electrons would col- 
lapse into the nucleus. Bohr set out to ac- 
count for the atom’s apparent stability in 
spite of the prevailing laws of physics. 

Three major papers by Bohr appeared in 
the Philosophical Magazine in 1913 addressing 
the problem of atomic structure. He formu- 
lated two postulates. One was that atomic 
systems possessed stationary states, in which 
the laws of mechanics apply. The other was 
that, in addition to these, there were transi- 
tion states, in which these classical laws of 
physics did not apply. Bohr adopted Max 
Planck’s (1858—1947) quantum theory to ac- 
count for the energy difference between 
these stationary states. The transition state is 
accompanied by the emission or absorption 
of a discontinuous quantum of radiation. 

Bohr’s theory was tremendously influen- 
tial because it cast the atom into the language 
of quantum physics. His description of quan- 
tum orbits provided the needed stability in 
Rutherford’s atom. He moved back to 
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structure of atoms. (Bettmann / Corbis) 


Denmark and became director of the new In- 
stitute for Theoretical Physics in Copen- 
hagen. Scientists abroad, such as Henry 
Moseley, James Franck (1882—1964), and 
Gustav Hertz (1887—1975), demonstrated 
his atomic model through experiments in X- 
ray spectroscopy and electron collision. Sub- 
seguent years saw theoretical physicists ob- 
sessed with generalizing Bohr’s work into a 
theory of quantum mechanics. In doing so, 
physicists such as Werner Heisenberg 
(1901—1976) found themselves abandoning 
dearly held notions beyond mechanics. In 
1927, Heisenberg announced his uncertainty 
principle (or indeterminacy principle), which 
stated that it was meaningless to describe the 
exact position of an electron. Its position was 
governed by quantum relationships and sta- 
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tistics and could never be objectively ob- 
served. The philosophical implication was 
that the classical concept of causality was un- 
tenable, because no physical system could 
ever be defined precisely; instead, one had to 
be satisfied with probabilities. 

Bohr reacted to the crisis in quantum me- 
chanics by accepting Heisenberg’s uncer- 
tainty principle and developing his own prin- 
ciple of complementarity in 1927. The 
standard example of complementarity is the 
wave-particle duality in quantum mechanics. 
The wave description and the particle de- 
scription, each a classical concept on its 
own, are complementary ways to under- 
stand reality. They are each valid; they can- 
not, however, be used together, for they are 
contradictory explanations. Because the 


physicist himself chooses how to frame his 
questions and decides what to measure (for 
example, he frames his observation from a 
particle outlook), he eliminates the possibil- 
ity of resolving questions that the other out- 
look might raise. What, then, is really being 
observed? Surely they cannot both be valid. 
Should investigations of physical properties 
be framed in terms of wavelength and fre- 
quency, or rather energy and momentum? 
This important question is cast aside by the 
principle of complementarity, which accepts 
different avenues toward understanding phe- 
nomena even if one avenue contradicts the 
other. Bohr claimed that the aim of physics 
was not necessarily to discover reality, but 
rather to find adequate means to explain and 
predict phenomena. 

Complementarity became the basis of what 
was later dubbed the Copenhagen interpreta- 
tion of quantum mechanics. But Bohr’s em- 
brace of complementarity, and its philosophi- 
cal implications, put him at intellectual odds 
with Albert Einstein. The two engaged in per- 
sonal debate about whether or not quantum 
mechanics was a complete theory if it set such 
clear limitations on the ability to observe 
physical phenomena. Einstein disliked the im- 
plication, based on Heisenberg’s uncertainty 
and Bohr’s complementarity, that reality was 
not discoverable and that, at a certain point, 
the physical world could only be described by 
statistics. Einstein said that God “does not 
throw dice.” But at two Solvay Congresses— 
in 1927 and 1930—Bohr’s arguments ap- 
peared to counter all of Einstein’s objections; 
although Einstein never abandoned his faith in 
the ability to determine causality, the debates 
brought many leading physicists into Bohr’s 
camp. 

By 1936 Bohr’s model of the atom took on 
a form that helped leading scientists concep- 
tualize the process of fission. Bohr’s “droplet 
model” suggested a plasticity that led Lise 
Meitner (1878-1968) and Otto Frisch 
(1904—1979) to believe that an atom might 
elongate and divide itself. In 1939, they an- 
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nounced this interpretation—nuclear fis- 
sion—of an experiment by Otto Hahn 
(1879-1968) and Fritz Strassman (1902— 
1980). Bohr was the one to carry news of the 
discovery to the United States, where he was 
attending a conference. Soon scientists in Eu- 
rope and the United States began experi- 
ments on uranium fission, and Italian emigre 
Enrico Fermi (1901—1954) presided over the 
first nuclear chain reaction in 1942. Bohr and 
other eminent scientists from Europe became 
leaders in the Manhattan Project, the U.S. ef- 
fort to build the atomic bomb. 

Although Bohr participated in the project, 
he was alarmed at the geopolitical conse- 
quences of the bomb. In 1944, he urged 
President Franklin Roosevelt (1882—1945) 
to put atomic weapons under international 
control. The existence of the bomb, because 
of its devastating effects, had the potential to 
forge a lasting peace if handled with diplo- 
matic skill. Even before the war ended, Bohr 
wanted the United States to announce its 
possession of atomic bombs to the rest of the 
world, as a measure of good faith. Were it to 
be kept secret, and the United States was to 
keep a monopoly on the atomic bomb, surely 
an arms race would ensue. All of Bohr’s ef- 
forts to forestall such an arms race failed. He 
continued his efforts after World War II, to 
little effect. 


See also Atomic Structure; Determinism; 
Philosophy of Science; Physics; Quantum 
Mechanics; Rutherford, Ernest; Solvay 
Conferences 
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Boltwood, Bertram 
(b. Amherst, Massachusetts, 1870; d. 
Hancock Point, Maine, 1927) 

After the discovery of radioactivity in 
1896, scientists became enthralled with the 
properties of radiation and the materials that 
produced it. Bertram Boltwood, as a U.S. 
scientist, worked outside the mainstream of 
these scientific activities. Yet from afar, he 
made a number of important contributions to 
understanding radioactive decay series. 
Eventually he used such knowledge to esti- 
mate the age of the earth, adding vastly to the 
relative youthfulness attributed to it by nine- 
teenth-century physicists. 

Boltwood began his own research on ra- 
dioactivity in 1904, after reading about a 
new interpretation by Ernest Rutherford 
(1871—1937) and Frederick Soddy (1877— 
1956). These scientists claimed that radioac- 
tive atoms “decay” as they emit radiation, 
thus transforming (or “transmuting” as they 
wrote) into different elements. Boltwood 
set out to prove a family relationship among 
radioactive elements often found together in 
ore. He tried to “grow” radium, recently dis- 
covered by Marie Curie (1867—1934), from 
uranium. 

Boltwood’s efforts proved more difficult 
than he expected, mainly because he was not 
yet aware of the complexity of the decay se- 
ries. There were in fact several steps be- 
tween uranium and radium. In addition, he 
was not yet aware of the vast amount of time 
that such transmutation would require. 
After more than a year of observing, he did 
not observe any change from uranium’s 
known daughter product, “uranium X,” to 
radium. But rather than reject the whole 
premise, he concluded that there must be a 
very long-lived product still between them. 
Over several years he and others, including 
Soddy, searched for the missing steps in the 
decay series. In 1907 Boltwood identified a 
substance he called “ionium” as the immedi- 
ate parent of radium, and more than a 


decade later Soddy showed the family rela- 


tionship between uranium and ionium. Their 
work identified the whole decay series from 
uranium to radium. 

Where did the decay series lead? Bolt- 
wood hypothesized that because lead was al- 
ways present with uranium, it might be the 
stable end product after a long process of 
decay. He noted that geologically older min- 
erals contained higher proportions of lead, 
which is easily explained if one assumes that 
lead is accumulating over time from the 
decay of radioactive elements. On a practical 
level, this pointed to a new method for dat- 
ing the age of rocks. To determine the age of 
an ore, one needed only to determine the 
rate of formation of lead and measure the 
total amount found. This method, developed 
in 1907 by Boltwood, resulted in a startling 
calculation of the age of the earth. In the 
nineteenth century, William Thompson 
(Lord Kelvin) (1824—1907) had calculated an 
age in the tens of millions of years. Now, 
with Boltwood’s method, scientists had to 
revise these estimates upward to the billion- 
year range. Although Boltwood’s initial cal- 
culation later was revised, his method forced 
scientists in all fields to accept a much longer 
time span for the origin of the planet and the 
evolution of its life forms. 

Boltwood’s life and work had a decisive 
impact on the study of radioactivity, despite 
his distance from the main centers of activity 
in Europe. But his personal relationship with 
eminent radiochemist Ernest Rutherford, 
who treated him as a scientific equal as well 
as a friend, ensured that his ideas found a re- 
ceptive audience. Boltwood’s own life took a 
tragic turn in 1927, when he lost his battle 
against depression and committed suicide. 


See also Age of the Earth; Radioactivity; 
Rutherford, Ernest; Uranium 
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Bragg, William Henry 
(b. Westward, England, 1862; d. London, 
England, 1942) 

William Henry Bragg published very little 
for the most part of his career, which he 
spent as professor of mathematics and 
physics at the University of Adelaide, Aus- 
tralia. Educated at Cambridge University in 
England, he rose to prominence in Australia 
largely through his administrative talents, 
teaching abilities, and involvement in the 
Australian Association for the Advancement 
of Science. In the dawn of the new century, 
he was on the periphery of scientific activity 
in physics to say the least. His position in 
Australia drew inevitable comparisons with 
the upstart New Zealander Ernest Ruther- 
ford (1871—1937), who was making a name 
for himself in England with his model of the 
atom and was fast gaining disciples as a lead- 
ing experimental physicist. 

After formulating a scathing critique of 
others’ work on the scattering and absorption 
of ionizing radiation, Bragg began his own se- 
ries of experiments in 1904. He published 
several papers over the next few years and 
began to question the nature of gamma rays 
and X-rays. Were they “ether pulses” des- 
tined to be scattered widely? Were they 
waves? Were they of a material nature? Were 
they made up of tiny bodies? Bragg did not 
believe that X-rays acted as waves, and he 
formulated a high-energy corpuscular theory 
that would keep most of an X-ray in a straight 
beam. His views seemed to be confirmed by 
the development of the cloud chamber by C. 
T. R. Wilson (1869-1959) in 1911. The 
chamber showed that a beam of X-rays, when 
exposed in the chamber to a gas, did not dif- 
fuse into a fog. Instead, the cloud chamber 
showed many short lines. Still, Bragg’s prem- 
ise, that X-rays did not behave as waves, 
would soon be refuted by his own son. 

Bragg returned to England in 1909 and, 
three years later, began work with his son 
William Lawrence Bragg (1890-1971) on a 
new phenomenon discovered in 1912 by Max 
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Von Laue (1879—1960). The German scien- 
tist had found that X-rays were diffracted by 
crystals. The younger Bragg, William 
Lawrence, noted that some of Von Laue’s 
observations could be interpreted as resulting 
from the reflection of X-rays. The Braggs 
soon came to the conclusion that their previ- 
ous view, that X-rays were not waves, had to 
be rejected. The elder Bragg then developed 
an instrument to examine X-rays more thor- 
oughly. The X-ray spectrometer allowed a 
crystal face to reflect X-rays at any angle and 
measure its spectrum. Using the spectrome- 
ter, William Henry Bragg made another 
major discovery: Each metal used as a source 
of X-rays gave its own unique X-ray spec- 
trum of definite wavelengths, just as ele- 
ments give unique optical spectra. Bragg had 
discovered a new means to analyze not only 
X-rays but also crystal structure. By examin- 
ing the various faces of the crystal, one could 
note the angles and intensity with which they 
reflected X-rays, thus determining how the 
atoms were arranged in the crystal. 

The two men joined forces in earnest in 
1913 to experiment with the X-ray spec- 
trometer. The elder Bragg concentrated on 
studying the X-rays produced by different 
metals, whereas the younger was most inter- 
ested in the crystal structure. The younger 
Bragg summarized the importance of this 
work as demonstrating the fundamental prin- 
ciples of X-ray analysis of atomic patterns. In 
recognition of their accomplishment, father 
and son shared the 1915 Nobel Prize in 
Physics. The younger Bragg was twenty-five 
years old, the youngest Nobel laureate to 
date. Unfortunately, World War I inter- 
rupted their work together. William Henry 
Bragg worked on problems of submarine de- 
tection and had relatively little time for the 
X-ray spectrometer. After the war ended, he 
took on additional responsibilities as head of 
the Royal Institution. From 1935 to 1940 he 
was president of the Royal Society as his 
country entered another world war. He did 
not live to see it end. 
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Brain Drain 
Brain drain is a term used to describe the loss 
of scientific manpower from a particular pro- 
fession, scientific field, or geographic region. 
It usually implies a “brain gain” somewhere 
else, as manpower gets siphoned from one 
area and moved into another. The term has 
been used particularly to describe the shift of 
focus in scientific activity, particularly 
physics, from Europe to the United States 
during the 1930s, culminating in the large- 
scale scientific projects of World War II and 
leading to an unprecedented level of support 
for scientific research by the United States in 
the postwar period. The loser in this brain 
drain was Germany and its allies, while the 
United States and (to a lesser extent) Britain 
became the world’s scientific powerhouses. 
Physics in the United States grew rapidly 
in the 1920s, owing to patronage by philan- 
thropic organizations such as the Rockefeller 
Foundation. Americans were keen to com- 
pete with their European colleagues and es- 
tablish their community as a strong one; 
many young scholars traveled to European 
institutions in the 1920s and 1930s for grad- 
uate or postdoctoral work before taking up 
positions in U.S. universities. For physicists, 
the most attractive countries were Germany 
and England, both with strong research com- 
munities (especially at Gottingen, Munich, 
Berlin, and Cambridge), though some chose 
to go to Denmark to be part of Niels Bohr’s 
(1885—1962) institute in Copenhagen. These 


young scholars returned to the United States 
and made it fertile ground for top-level 
physics research, culminating in Nobel Prizes 
for Americans such as Ernest Lawrence 
(1901—1958) and Arthur Compton 
(1892—1962). Such developments made the 
United States, with its many universities and 
its desire to compete for the best minds, very 
attractive to European scholars, not only the 
established ones who could demand a great 
deal of money, but also the ones who felt 
marginalized in their own countries. 

The rise of fascism in some countries of 
Europe in the 1930s facilitated the intellec- 
tual migration (or flight) from Europe to the 
United States. Although most of them were 
German Jews who had lost their positions be- 
cause of the racial policies of the Third Reich, 
others left for different but related reasons. 
The Italian Enrico Fermi (1901—1954), for 
example, was not a Jew, but his wife was. All 
told, about a hundred physicists came to the 
United States from Europe between 1933 
and 1941. Many leading physicists remained; 
Werner Heisenberg (1901—1976), Max Von 
Laue (1879—1960), and Otto Hahn 
(1879—1968), for example, became the 
physicists charged with building the Nazi 
atomic bomb. A great many of their friends 
and colleagues, however, had left. In fact, the 
U.S. atomic bomb project owed its existence 
and success to émigré scientists who had fled 
fascist countries. The irony is that the racial 
policies of the Third Reich undercut its sci- 
entific strength, draining its brains and liter- 
ally giving them to a future enemy. 

Not all of those leaving the European con- 
tinent fled to the United States. Others went 
to Britain, such as Germans Max Born 
(1882—1970) and Paul Peter Ewald (1888— 
1985), and Austrian Erwin Schrödinger 
(1887—1961). Some who initially went to 
Britain ultimately settled in the United 
States, such as Hungarians Leo Szilard 
(1898—1964) and Edward Teller (1908— 
2003) and the German Klaus Fuchs 
(1911—1988). The last would spy for the So- 


viet Union while working on the U.S. atomic 
bomb project. The most famous immigrant 
was Albert Einstein (1879-1955), who de- 
cided early in the 1930s to make the United 
States his home rather than live in Nazi Ger- 
many. Other U.S.-bound leading scientists 
were Enrico Fermi, the German James 
Franck (1882—1964), and a host of others. 
Many of the émigré scientists initially stayed 
closer to home, finding positions in Switzer- 
land, the Netherlands, Denmark, or France, 
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Albert Einstein receiving from Judge Phillip Forman his certificate of American citizenship (1940). (Library of Congress) 


but ultimately they moved farther away, 
mostly to the United States. 

If the names of eminent scientists were not 
enough to demonstrate that continental Eu- 
rope was losing its scientific strength, one 
could consider the quantitative loss of those 
who were recognized internationally by re- 
ceiving the Nobel Prize in Physics. Among 
those migrating to Britain and the United 
States from fascist countries were five Nobel 
laureates—Erwin Schrédinger, Peter Debye 
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(1884—1966), Albert Einstein, Enrico Fermi, 
and Gustav Hertz (1887—1975). In retro- 
spect, we can consider the future benefits of 
this “brain gain” as well. Two émigrés to 
Britain, Max Born and Dennis Gabor 
(1900—1979), would later win Nobel Prizes; 
seven to the United States would—Felix 
Bloch (1905—1983), Max Delbrück (1906— 
1981), Gerhard Herzberg (1904—1999), 
Emilio Segrè (1905—1989), Eugene Wigner 
(1902-1995), Hans Bethe (1906—), and Otto 
Stern (1888—1969). In addition to these were 
many others whose contributions were never 
recognized by this prestigious prize. 

The United States and Britain benefited 
handsomely from the wave of migrations. In 
1933, Leo Szilard helped to set up in Britain 
the Academic Assistance Council, whose 
purpose was to find temporary posts for 
refugee scientists, to facilitate their transition 
to their new homes. It envisioned the United 
States as the ultimate endpoint for them. This 
and other programs for displaced scientists 
eased some of the difficulties brought on by 
the “brain gain.” With the limited number of 
jobs, for example, competition was still 


fierce, and the migrations were resented by 
some native-born scientists in both Britain 
and the United States. In addition, anti-Semi- 
tism in these countries (especially the United 
States) caused difficulties in placing scien- 
tists. Displacement programs helped to ad- 
dress this problem by creating special posts 
for recent immigrants. By the late 1930s, the 
United States led the world in physics. That 
leadership remained during World War II 
and long after. 
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Cancer 

For centuries, cancer was part of a pantheon of 
deadly ailments that threatened human lives. 
Although the development of vaccines and 
public health measures helped to conquer tra- 
ditional enemies such as cholera and tubercu- 
losis during the first half of the twentieth cen- 
tury, cancer remained an obstinate foe. Cancer 
was a widely inclusive term used to describe 
abnormal, often malignant growth in various 
parts of the body: skin, brain, colon, breast, 
and myriad other areas. The word cancer also 
became a widely used metaphor for a diseased 
blight on anything pure. Often it was used to 
describe some deleterious factor in modern, 
industrial society. 

Lacking a cure, cancer was addressed most 
successfully by measures of prevention. In 
the United States, the American Society for 
the Control of Cancer was founded in 1913; 
its battle against cancer was composed mainly 
of public education to enable early detection 
of symptoms that might lead to malignant 
forms of cancer. Such efforts met with only 
limited success, because health care coverage 
was not universal, and thus even early detec- 
tion did not necessarily translate into preven- 
tion. By the 1930s, cancer mortality rates 
were on the rise. The U.S. government at- 
tempted to address the problem by funding, 
in 1937, the National Cancer Institute, to be 
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advised by the National Advisory Cancer 
Council. The federal government funneled 
considerable funding into biomedical re- 
search in the hopes that scientists would 
eradicate cancer as they had other diseases. 
This early optimism faltered when con- 
fronted by many years without a decisive 
cure. Soon a debate emerged over which 
should be most emphasized for the good of 
public health: education about prevention or 
scientific research for a cure. 

Although the exact cause of cancer eluded 
scientists, there were some obvious contrib- 
utors. Many of these were connected to the 
alleged benefits of science and technology. 
Certainly the pollution of industrial cities 
contributed, as did the widespread use (and 
overuse) of X-rays for a host of medical prob- 
lems. Radiation in general was little under- 
stood in the first half of the twentieth cen- 
tury, and it appeared to yield some negative 
effects. For example, the famed Marie Curie 
(1867-1934) became feeble in her later years 
and developed strange lesions on her hands 
after a career of working with X-rays and ra- 
dioactive substances. A group of watch-dial 
painters, casually licking their radium-paint- 
brushes, developed cancers in their mouths. 
In such cases, better knowledge of the cause 
of cancer might have sufficed in place of a 
cure. The most serious, widespread cause of 


42 Cancer 





Technician standing at laboratory table, preparing organic compounds used in cancer research, 1930s. (National Library of 
Medicine) 


cancer was tobacco smoke; because smoking 
was addictive and had a powerful corporate 
lobby behind it, cancers developed despite 
the existence of an ostensibly simple means 
to prevent them (namely, not smoking). 
Once cancer was diagnosed, treatments 
for it were radical. Among them were 
chemotherapy and radiation therapy, which 
aimed to arrest the spread of cancer by killing 
cancerous cells. These often were accompa- 
nied by dangerous side effects. To treat 
breast cancer, the surgeon William Halsted 
(1852—1922) first performed a radical mas- 
tectomy (removal of the breast, chest wall 
muscles, and lymph nodes) in 1882. Despite 
the psychological trauma of forever losing 


one’s breast, Halsted’s surgery saved many 
women’s lives. This procedure for treating 
breast cancer was the most popular in the 
United States throughout the first half of the 
twentieth century. 

One of the bizarre twists of history is the 
connection between cancer research and 
racial hygiene, epitomized by the Nazi regime 
in Germany during the 1930s and 1940s. 
Adolf Hitler (1889-1945) and many of his 
Nazi subordinates were concerned not only 
with purifying the Aryan race but also with 
eliminating other biological “threats” to the 
health of the race, including cancer. Historian 
Robert Proctor has argued that the Nazi war 
against cancer had much to recommend it: 


The Nazis collected statistics intensively and 
centralized the effort to combat the disease, 
passing laws to prevent harmful carcinogens 
in public areas. The Nazis focused on preven- 
tion, partly because the removal of high-cal- 
iber Jewish scientists made a cure for cancer 
unlikely in the near future. Government reg- 
ulations against asbestos, smoking, radiation 
exposure, and harmful dyes saved German 
lives. During the war, many of these efforts 
were abandoned, particularly those seeking 
to eliminate cigarettes and alcohol from sol- 
diers’ routines. But in general, the number of 
people developing lung cancer in Germany in 
postwar years fell below that of other coun- 
tries, including the United States. These 
achievements were understandably overshad- 
owed in the postwar years by the atrocities of 
the Nazi regime; Hitler had wanted to purify 
the race and destroy anything he considered a 
pollutant, even humans. After the war, ef- 
forts to curb cancer by stigmatizing smokers 
became easy prey for accusations of preju- 
diced, Nazi-like policies. 

The development of the atomic bomb ush- 
ered in a new era of cancer-related fears. Be- 
cause of the capacity of radiation to damage 
body cells and pose long-term genetic prob- 
possessing 
weapons came under scrutiny. Before 1949, 
only the United States possessed the bomb; 


however, the mining of uranium for research, 


lems, governments atomic 


bombs, or future nuclear power plants was 
widespread. The exact nature of the links be- 
tween radiation exposure and cancer were 
not well known; the only existing data was 
taken of the survivors of the bombings of Hi- 
roshima and Nagasaki during the war. In addi- 
tion, the Atomic Energy Commission con- 
ducted human exposure experiments in the 
1940s and 1950s, sometimes without the 
knowledge of the subjects, to help determine 
acceptable limits of radiation exposure. By 
the 1950s, the threat of cancer from long- 
term radiation exposure erupted into a full- 
scale controversy about the risks of radioac- 
tive fallout from nuclear tests. 
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Carbon Dating 

Carbon dating, developed in the late 1940s 
by chemist Willard F. Libby (1908—1980) 
and his colleagues, provided a means to date 
ancient organic material. Using carbon 14, or 
radiocarbon, Libby’s technique has empow- 
ered archaeologists to date historical sites and 
uncover the mysteries of human settlements 
at various locations throughout the world, 
going back thousands of years. It has also 
helped to resolve controversies about the age 
of artifacts and human and animal remains. In 
1960, Libby won the Nobel Prize in Chem- 
istry for this contribution. 

University of Chicago’s Institute of Nu- 
clear Studies was one of many postwar re- 
search centers studying radioisotopes, the ra- 
dioactive forms of common elements. These 
typically were produced artificially, using in- 
struments such as the cyclotron. But some ra- 
dioisotopes were created through natural 
processes. Carbon is not normally radioac- 
tive; radiocarbon (as carbon 14 was called) is 
created, as New York University’s Serge 
Korff (1906—1989) noted in 1939, by pow- 
erful cosmic rays. High-energy particles en- 
tering the atmosphere from space liberate 
neutrons from the upper atmosphere, which 
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in turn react with the omnipresent nitrogen 
in the atmosphere and create unstable (ra- 
dioactive) isotopes of carbon, namely, car- 
bon 14. These isotopes decay over time and 
become nitrogen, but this is a long process; 
carbon 14 has a half-life of some 5,600 years. 
One of the Institute of Nuclear Studies’ sci- 
entists, chemist Willard Libby, found that 
carbon 14 could be useful in determining the 
age of organic materials, and he developed 
carbon dating by 1948. 

Libby determined that humans were part 
of a giant pool containing radiocarbon pro- 
duced by cosmic rays. Radiocarbon exists in 
all organic bodies, including humans. He as- 
sumed that, while alive, organic material as- 
similates carbon 14 (by consuming other or- 
ganic material filled with it) at the same rate 
as it decays to form the stable isotope, nitro- 
gen 14. That is, during life, the decay of ra- 
diocarbon is compensated by the intake of 
new radiocarbon. Quantitatively, living or- 
ganisms do not acquire or lose radiocarbon 
during their lives. But when they die, ra- 
dioactive decay no longer is compensated by 
the intake of radiocarbon-filled organic mate- 
rial. The process of decay is quantifiable. 
Thus, after 5,600 years, dead organic mate- 
rial should be about half as radioactive as liv- 
ing material. Libby realized that measuring 
the amount of radiocarbon in any dead or- 
ganic substance should give some indication 
of how long ago it died. 

Measuring the carbon 14 in organic sub- 
stances to determine their age (carbon dat- 
ing) became an important tool for tracing 
human history. Libby compared his results 
with material of historically known origin 
and found acceptable agreement. Conse- 
quently, with carbon dating, archaeologists 
could compare less sure historical estimates. 
The technique initially was deemed valid for 
organic material up to 50,000 years old. One 
of the oldest sites in France, for example, was 
the Lascaux Cave, in which there are paint- 
ings on the walls depicting ancient animals. 
Measuring the carbon 14 in the charcoal in 
the caves has helped archaeologists to deter- 


mine their age at some 15,000 years. Most 
geological events are beyond the reach of 
carbon dating, but (relatively) recent phe- 
nomena, such as the arrivals and departures 
of ice ages, can be tracked with the tech- 
nique. Other uses were in oceanography and 
meteorology, where carbon dating helped to 
determine the rate of mixing. But the most 
notable uses have been archaeological. As 
Libby noted in his Nobel speech, carbon dat- 
ing “may indeed help roll back the pages of 
history and reveal to mankind something 
more about his ancestors, and in this way 
perhaps about his future.” 


See also Age of the Earth; Anthropology; Cosmic 
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Cavendish Laboratory 
In mid-nineteenth-century England, both 
Oxford University and Cambridge Univer- 
sity wanted to create special areas for practi- 
cal knowledge such as the sciences. Cam- 
bridge’s efforts to do so proved difficult 
because of financial hardships. The Cavendish 
Laboratory came into being through the ef- 
forts of William Cavendish (1808—1891), the 
seventh Duke of Devonshire, who saved the 
plans from failure and financed the labora- 
tory. In 1874, the first director of the labora- 
tory received the title “Cavendish Professor,” 
a position that was supposed to terminate 
after the death of the first person to hold it. 
But Cambridge University saw the value of 
the laboratory and its director, and the posi- 
tion continued; under the guidance of its 
world-renowned directors, the Cavendish 
Laboratory became a principal center of 
physics in the twentieth century. 

The directors of the Cavendish Laboratory 
were several of the leading physicists of their 
day. The first, James Clerk Maxwell 


(1831-1879, director 1871—1879), was the 
chief figure in electrodynamics during the 
nineteenth century. Following him were 
John William Strutt, better known as Lord 
Rayleigh (1842—1919, director 1879—1884), 
who studied the noble gases and electricity; 
J. J- Thomson (1856—1940, director 1884— 
1919), who discovered the electron; Ernest 
Rutherford (1871—1937, director 1919— 
1937), who proposed the nuclear atom and 
made fundamental contributions to radioac- 
tivity; and William Lawrence Bragg 
(1890—1971, director 1938—1953), who pio- 
neered the study of X-ray crystallography. 

The Cavendish was primarily an experi- 
mental laboratory, not a theoretical one. It 
attracted many students from abroad who 
wished to learn experimental techniques, 
particularly after J. J. Thomson’s work had 
led to the discovery of the electron. The lab- 
oratory became a major center not only on 
cathode rays, which had led to the discovery, 
but on radioactivity and atomic structure. 
After Ernest Rutherford took over the direc- 
torship in 1919, young physicists from Eu- 
rope and North America flocked to the labo- 
ratory to study the behavior of subatomic 
particles, by observing radioactive “disinte- 
grations” (decay) and by bombarding ele- 
ments with alpha particles (now recognized 
as helium atoms). In the 1930s, scientists at 
the Cavendish built the first particle acceler- 
ator—John Cockcroft (1897—1967) and 
Ernest Walton (1903—1995)—and discov- 
ered the neutron—James Chadwick 
(1891—1974)— particle that was of particu- 
lar importance in understanding atomic in- 
teractions and later atomic fission. 

After Rutherford’s death, the Cavendish 
passed into the hands of Sir William 
Lawrence Bragg. He and his father, William 
Henry Bragg (1862-1942), had won the 
Nobel Prize for their work on the interac- 
tions between X-rays and crystals. Bragg 
turned the focus of the laboratory toward his 
own interests, as his predecessors had done. 
The laboratory’s work was severely curtailed 
during World War II, falling into relative 
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dormancy as its scientists moved to war-re- 
lated work, in radar, nuclear physics, and 
other fields. 

Despite its pivotal role in experimental 
nuclear physics, the Cavendish Laboratory 
was weak in an area of profound importance 
to twentieth-century physical theory, 
namely, quantum physics. This was likely 
owing to the fact that the emphasis of the lab- 
oratory tended to follow the interests of the 
director. Although Rutherford had not shied 
from theory—he conceived of the nuclear 
atom—the quantum descriptions of this 
work were done largely by others (for exam- 
ple, Niels Bohr [1885—1962] was the first to 
explain the nuclear atom in terms of quan- 
tum orbits). The laboratory was also slow to 
make use of sophisticated instrumentation, 
although this was sometimes a badge of 
honor; nostalgic scientists reminded their 
colleagues that Rutherford accomplished 
more with sealing wax and string than the 
scientists in many of the best-equipped labo- 
ratories. The Cavendish Laboratory was slow 
to move into the age of “Big Science,” with 
large teams of researchers and expensive 
equipment. 


See also Chadwick, James; Cloud Chamber; 
Physics; Radioactivity; Rutherford, Ernest; 
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Chadwick, James 
(b. Cheshire, England, 1891; d. Cambridge, 
England, 1974) 

James Chadwick, English physicist, dis- 
covered the neutron in 1932, transforming 
the understanding of subatomic physics and 
nuclear interactions. Chadwick spent much 
of his career under the guidance of Ernest 
Rutherford (1871—1937), the leading exper- 
imental physicist in the field of radioactivity 
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and subatomic physics of his day. Working 
with Rutherford, he received his master of 
science degree in 1913 at the University of 
Manchester. After graduating, he traveled to 
Berlin and worked with Hans Geiger 
(1882—1945) at the Physikalisch-Technische 
Reichanstalt. He was there when war broke 
out, and he spent World War I interned at a 
racetrack in Ruhleben, Germany. When the 
war ended, he joined Rutherford at the 
Cavendish Laboratory, at Cambridge Univer- 
sity, where he conducted experiments bom- 
barding various elements with alpha parti- 
cles. He became assistant director of research 
at the Cavendish in 1927. 

Chadwick’s discovery of the neutron came 
from his analysis of the mysterious “beryllium 
radiation.” German physicist Walther Bothe 
(1891—1957) and his student Herbert 
Becker, at the Physikalisch-Technische 
Reichanstalt, had discovered this odd radia- 
tion when they bombarded the element 
beryllium with alpha particles. They believed 
the radiation was akin to gamma rays. In 
Paris, Frédéric Joliot (1900—1958) and Irène 
Joliot-Curie (1897—1956) found that the ra- 
diation could facilitate the ejection of protons 
in other material. Chadwick, aware of these 
studies, provided a different interpretation, 
observing that the radiation was in fact a par- 
ticle with mass and a neutral charge, the neu- 
tron. After repeating the experiments at the 
Cavendish, he determined that the interac- 
tion between alpha particles and beryllium 
caused a nuclear transformation resulting in 
an atom of carbon and a lone neutron. 

The director of the Cavendish, Ernest 
Rutherford, already had predicted the exis- 
tence of a particle with mass, but neither 
negative nor positive charge. He envisioned 
it not as a separate particle but rather as a 
composite of an electron and proton, each 
negating the other’s charge. Although Chad- 
wick discovered evidence for the existence of 
the neutron, he continued to interpret it 
much as Rutherford had, as a composite of 
two oppositely charged particles. According 


to that interpretation, the electron was still 
present in the atom’s nucleus. Ambiguity 
about whether the neutron was indeed an el- 
ementary particle, rather than a composite, 
lingered for some years. For his discovery of 
the neutron, Chadwick was awarded the 
Nobel Prize in Physics in 1935. 

Chadwick made this discovery in 1932, 
often called the annus mirabilis (year of mira- 
cles) of physics. Although the neutron was the 
most important discovery of this year, it was 
accompanied by a couple of others around the 
same time: In late 1931, U.S. chemist Harold 
Urey (1893—1981) discovered heavy hydro- 
gen, or deuterium. In 1932, Cavendish scien- 
tists John Cockcroft (1897—1967) and Ernest 
Walton (1903—1995) developed a device to 
accelerate protons and used these high-energy 
particles to bring about the first nuclear disin- 
tegration (ejection of a particle) achieved by 
artificial means, proving that particle acceler- 
ation could facilitate experimentation on 
atoms. Meanwhile, Ernest Lawrence (1901— 
1958) in Berkeley, California, was perfecting 
another accelerator, the cyclotron, which 
would revolutionize experimental nuclear 
physics. The discovery of the neutron came at 
an opportune moment to explain the interac- 
tions among atoms, analyses previously con- 
fined to alpha and beta particles. 

In 1935, Chadwick accepted the Lyon 
Jones Chair of Physics at the University of 
Liverpool. In an effort to turn it into a first- 
rate research center, he built a cyclotron 
with money from the Royal Society. Ruther- 
ford, still at the Cavendish, had built a repu- 
tation for achieving a great deal without the 
need of expensive equipment; Chadwick’s 
efforts at Liverpool marked a break with his 
mentor’s own distaste for accelerators. 

During the war years, Chadwick became 
deeply involved in efforts to build the atomic 
bomb. The cyclotron at Liverpool proved 
useful in this regard, helping to develop fea- 
sibility studies on nuclear reactions. Chad- 
wick and other British scientists, members of 
the so-called MAUD Committee, reported in 


1941 that that the amount of U—235 (an iso- 
tope of uranium) needed to achieve a critical 
mass and sustain a fission reaction was less 
than previously believed. Their findings 
helped to stimulate hopes that a bomb could 
be made during the war, thus making it a po- 
tentially decisive weapon. Later the British 
team was consolidated with the U.S. one, 
and Chadwick became a part of the Manhat- 
tan Project. He lived in the United States 
from 1943 to 1946 and was chief of the 
British team of researchers on the project. 
After the war, Chadwick returned to Liv- 
erpool. He took part not only in physics re- 
search but also served in a policy-advising 
role to the British government in matters of 
atomic energy. In 1948, Chadwick retired to 
become master of Gonville and Caius Col- 
lege, Cambridge, a post he held for ten years; 
in 1969 he and his wife moved back to Cam- 
bridge. He received numerous honors in his 
lifetime, including a knighthood in 1945. 
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Chandrasekhar, Subrahmanyan 
(b. Lahore, India [later Pakistan], 1910; d. 
Chicago, Illinois, 1995) 

Subrahmanyan Chandrasekhar was born 
and raised in India, receiving his education at 
the University of Madras. He came from a 
successful Brahman family, and he was in- 
spired by the achievements of Indian intellec- 
tuals who then were achieving world renown 
in numerous fields. His uncle, Chan- 
dresekhara Raman (1888—1970), won the 
Nobel Prize in Physics in 1930, bringing that 
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honor to India for the first time. That same 
year, Chandrasekhar left India at the age of 
twenty to begin his doctoral studies under 
physicist Ralph H. Fowler (1889—1944) at 
Cambridge University in England. Ulti- 
mately his interests in stellar structure 
brought him to work instead under the astro- 
physicist Edward Milne (1896—1950). While 
a graduate student, he also visited Niels 
Bohr’s (1885—1962) institute in Copenhagen 
for six months working on quantum statis- 
tics. During the five years at Cambridge, he 
developed the concept that came to be called 
the “Chandrasekhar limit” in stellar mass, 
providing the key to understanding differ- 
ences in the end stages of stars. 

At Cambridge, Chandrasekhar was chal- 
lenged both personally and professionally. His 
devotion to vegetarianism, part of his identity 
as an Indian, was particularly difficult in a 
community with no familiarity with his dietary 
needs. More difficult was the cold reception to 
his scientific ideas. He had attempted to im- 
prove on Fowler’s theory of white dwarf stars 
by including relativistic physics in his concep- 
tion of stellar structure. The kernel of his idea 
occurred to him during his long voyage from 
India in 1930. He proposed that the equilib- 
rium between electron repulsion and gravita- 
tional attraction in stars simply would not hold 
for stars with mass greater than about 1.44 
solar masses. Such massive stars, instead of be- 
coming white dwarfs, would collapse into a 
previously unknown kind of star of enormous 
density. But the well-known astrophysicist 
Arthur Stanley Eddington (1882—1944), who 
had initially encouraged Chandrasekhar, 
turned against him in 1935. He roundly criti- 
cized these ideas at a meeting of the Royal As- 
tronomical Society, and unfortunately his 
prestige convinced other scientists not to in- 
terfere in their disagreements. Chandra- 
sekhar, a young, foreign, and unproven scien- 
tist, could not hope to challenge Eddington. 
But in the ensuing years Chandrasekhar was 
vindicated, and others identified black holes as 
the end stage of those massive stars. 
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Astrophysicist Subrahmanyan Chandrasekhar talks to reporters in 1983, shortly after being awarded the Nobel Prize in 


Physics for work done half a century earlier. (Bettmann/ Corbis) 


Chandrasekhar did not limit his work to 
stellar structure. His contributions to astro- 
physics included subjects such as the dynamics 
of stars, atmospheres of planets and stars, hy- 
drodynamics, and black holes. He became an 
authority on relativistic astrophysics. Chan- 
drasekhar’s many publications seemed, ac- 
cording to some, to follow a pattern. He 
would write highly technical papers within a 
particular subject and then wrap them up after 
some years with a detailed treatise that would 
serve as a benchmark for the whole subject. 

After receiving his doctorate, Chan- 
drasekhar went against the wishes of his fam- 
ily in India in at least two ways. First, he mar- 
ried a woman of his choosing (and her 
choosing) rather than having a marriage 
arranged. Second, he decided not to return to 
India and instead embarked on a career as a 
research scientist. He took a position at the 
University of Chicago in 1937, where he 


helped transform the astronomy department 
toward relativistic astrophysics and super- 
vised some fifty doctoral students over the 
years. Beginning in 1952, he became editor of 
the Astrophysical Journal, a responsibility he 
kept for nearly twenty years. Chandrasekhar 
and his wife, Lalitha, became U.S. citizens in 
the 1950s. Many of his colleagues were aston- 
ished that he was never awarded the Nobel 
Prize in Physics, a situation that was rectified 
in 1983, nearly fifty years after he conducted 
the work on the structure of stars. 


See also Astrophysics; Eddington, Arthur Stanley 
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Chemical Warfare 

One of the notorious hallmarks of the first 
half of the twentieth century was the devel- 
opment and use of weapons of mass destruc- 
tion. Chemical weapons, specifically poison 
gas, were the first to be recognized interna- 
tionally as special kinds of weapons needing 
special rules. Poison gas was developed and 
used by both belligerent sides during World 
War I, and the image of soldiers clad in gas 
masks has become virtually synonymous with 
that conflict. When the war ended, the role 
of poison gas in future wars became a subject 
of fierce debate. 

Scientists had suggested the possibility of 
chemical attacks as early as the Napoleonic 
wars, but their novelty, along with skepti- 
cism about their usefulness, precluded devel- 
opment on a significant scale. During the 
U.S. Civil War, the United States might have 
developed “asphyxiating shells” intended to 
spread fire and noxious fumes in areas occu- 
pied by the enemy. Despite these possibili- 
ties, chemical warfare did not develop in 
earnest until the early twentieth century. 
During World War I, German chemists Fritz 
Haber (1868—1934) and Walther Nernst 
(1864—1941) developed a means to flush 
enemy soldiers out of their trenches by satu- 
rating them with toxic gas. This was only one 
of Haber’s plans to put chemists to work in 
service of German Kaiser Wilhelm H 
(1859—1941); although he became notorious 
for his role in developing poison gas, he also 
helped develop fertilizers and explosives. 

Chemical weapons made their wartime 
debut in an experimental chlorine gas attack 
by the Germans at Ieper, Belgium, in April 
1915. Released from canisters, the gas was 
carried by the wind over no-man’s-land and 
into the trenches on the other side. Gagging 
and coughing, caught by surprise, the French 
forces retreated. But the weapons were not 
fully integrated into German fighting forces, 
and despite this victory, they were not able 
to turn poison gas into the desired decisive 
weapon. Soon both sides developed the capa- 
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bility to make such attacks and issued gas 
masks to their troops, and chemical weapons 
lost any decisive role they might have had. In 
fact, gas attacks killed (relatively) few sol- 
diers; its primary role was to unsettle and ha- 
rass the enemy, producing casualties that 
later would recover. 

Chemical warfare sparked one of the first 
major working relationships between mili- 
tary groups and scientists. Typically, the ap- 
plication of scientific knowledge to military 
technology was done by engineers or techni- 
cal specialists. But Haber’s group had worked 
directly with military officers, and the situa- 
tion was soon replicated in the Allied coun- 
tries. One important consequence of chemi- 
cal weapons was the identification of 
scientists with a weapon of destruction; the 
postwar disillusionment with progressive 
Western society also provoked doubts about 
the role of science in social progress. Allied 
scientists, who opposed such linkages be- 
tween them and what they considered the 
atrocities of war, were appalled when Haber 
was selected in 1919 as the recipient of the 
Nobel Prize in Chemistry. 

In society as a whole, chemical warfare 
provoked an abiding sense of dread. Would 
poison gas be the future of war? Activist 
groups in Europe and the United States 
pointed to poison gas as the precursor of an 
apocalyptic future. Poison gas came to sym- 
bolize the inhumanity of the war as a whole. 
It was indiscriminate in its destruction, and 
the use of poison gas on civilian populations, 
using the recently invented airplane as a de- 
livery vehicle, seemed just around the corner. 

The 


weapons posed a special menace and there- 


question of whether chemical 
fore should be banned provoked sharp dis- 
agreement. In the United States, scientific 
lobbies such as the American Chemical Soci- 
ety convinced Congress to support the 
Chemical Warfare Service to keep the coun- 
try abreast of the latest weapons technology, 
in the interests of preparedness. Leading sci- 
entific figures in Britain spoke up in support 
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A posed photograph from World War I showing the risks of failing to wear gas masks. (Library of Congress) 


of chemical weapons. One of these was J. B. 
S. Haldane (1892—1964), whose Callinicus: A 
Defense of Chemical Warfare appeared in 1925. 
He noted that asphyxiation, however terri- 
ble, was preferable to a shell wound from a 
conventional weapon. Haber himself asked 
whether choking in a cloud of gas was really 
different from being killed by a bullet. Given 
that roughly 90 percent of gas victims during 
the war had survived, some newspapers in 
the United States even called the weapon a 
humane alternative to killing. 

After the war, the United States made poi- 
son gas an important component of the arms 
control negotiation. The recently created 
League of Nations followed suit, pursuing di- 
alogue among nations to address chemical 
weapons. In 1925, diplomats met to sign the 
Geneva Protocol for the Prohibition of the 
Use in War of Asphyxiating, Poisonous or 
Other Gases, banning the use of chemical 
weapons in war. The U.S. delegation signed 
it, but the Senate did not ratify it until some 
fifty years later. Although peace activists had 
succeeded in creating the Geneva Protocol, 
they misjudged the opposition to ratifying 


such a document. But whether countries rat- 


ified it or not, this legal infrastructure did lit- 
tle to stop the use of chemical weapons. In- 
stead, chemical warfare served as a model for 
deterrence in a prenuclear world. Edward 
Spiers has argued that fear of retaliation, not 
international law, prevented gas warfare dur- 
ing World War II. Meanwhile, in conflicts 
where one side had the capability and the 
other did not, such weapons were used 
freely. For example, in the Abyssinian War 
of 1935-1936, Italian troops broke with the 
Geneva Protocol (ratified by Italy in 1928) 
and gassed their Ethiopian foes. Likewise, the 
Japanese used poison gas during their con- 
quest of China in the 1930s. In both cases, 
the victim lacked a deterrent. 

Between the industrialized belligerents of 
World War II, outright chemical warfare in 
the form of gas attacks was avoided. How- 
ever, bodies such as the Chemical Warfare 
Service (U.S.) provided useful armaments 
such as chemical mortars (designed to deliver 
gas shells but used for high explosives and 
smoke shells) and flamethrowers. Mortar 
battalions organized by the Chemical War- 
fare Service saw extensive combat in the in- 
vasion of Sicily and in Italy, where the terrain 


was better suited to mortar units than the 
larger artillery units. In the Pacific region, in 
addition to mortar shells, portable flame- 
throwers (and in some cases, flame-throwing 
tanks) provided U.S. troops with a means to 
penetrate bunkers and caves that had proven 
impervious to conventional artillery attacks. 
The chemists also helped develop effective 
smoke shells to provide cover for troops dur- 
ing assault. The most devastating weapons 
were incendiary bombs, or “fire bombs,” 
which were the most effective destroyers of 
cities before the development of the atomic 


bomb. 
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Cherenkov, Pavel 
(b. Voronezh region, Russia, 1904; d. 
Moscow, USSR, 1990) 

Pavel Cherenkov was one of several out- 
standing young physicists working in the So- 
viet Union in the 1930s. He was a graduate 
student under Sergei Vavilov (1891—1951), 
who was busy creating the Physics Institute of 
the Academy of Sciences (FIAN). Cherenkov 
received his doctorate there, in physico- 
mathematical sciences, in 1940. Among his 
colleagues were Vavilov, Iia Frank 
(1908—1990) and Igor Tamm (1895—1971). 
At Vavilov’s urging, Cherenkov began to ob- 
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serve how gamma rays interact with uranium 
salt solutions. He soon noticed, in 1935, a 
bluish light being emitted by a beam of 
charged particles as it passed through a 
medium. This soon became known as 
“Cherenkov radiation,” or simply as the 
“Cherenkov effect.” (It is often spelled 
Cerenkov.) Soviet scientists referred to it as 
“Vavilov-Cherenkov” radiation to emphasize 
Vavilov’s role in discovering it. 

Tamm and Frank distinguished themselves 
in 1937 by providing a theoretical explana- 
tion for Cherenkov radiation. The blue glow 
was radiation emitted when electrons or 
other charged particles pass through a trans- 
parent (solid or liquid) medium at velocities 
faster than that of light passing through the 
same medium. After arriving at this conclu- 
sion through mathematical calculations, 
Tamm and Frank were eager to find an alter- 
native, because, according to Albert Ein- 
stein’s (1879-1955) theory of relativity, 
light sets the speed limit of the universe. “Su- 
perlight” velocities seemed out of the ques- 
tion. But they soon determined that relativity 
has a limited validity: It applies only to the 
velocity of light in a vacuum. Any medium 
can change the velocities of light or other 
particles in different ways. Thus the 
Cherenkov radiation was, for light, some- 
thing like a sonic boom, the effect of an air- 
plane exceeding the speed of sound. 

The work of these three researchers, and 
the efforts of Vavilov to create a strong 
physics community, provided a major boost 
to the prestige of science in the Soviet Union. 
Recognition by the international community 
came slowly, however. Only after the death 
of Joseph Stalin (1879-1953) in 1953 did So- 
viet scientists have the (relative) freedom to 
forge international contacts and promote 
their stature abroad. The recognition of the 
efforts of 1930s physicists was a major stride 
in this direction. Cherenkov, Frank, and 
Tamm shared the Nobel Prize in Physics in 
1958 (Vavilov died in 1951 and thus was not 
eligible). They were the first Soviet scientists 
to do so. 
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Chromosomes 
In the nineteenth century, biologists looked 
to the study of cells (cytology) to provide in- 
formation about the transmission of charac- 
teristics from one generation to the next. 
When cells divided, small bodies appeared in 
the cell nucleus. These rodlike bits were 
called chromosomes because they readily ab- 
sorbed coloring stains needed to view them 
clearly under a microscope. The work of 
German anatomist Walther Flemming 
(1843—1905) described the splitting of chro- 
mosomes during cell division, which pro- 
duced identical chromosomes in each of the 
new cells. German theoretical biologist Au- 
gust Weismann (1834—1914) also took an in- 
terest in cytology. Rather than focus on pop- 
ulations and statistics, Weismann urged the 
study of living cells in order to understand 
the material agent of heredity. He predicted 
that some process would be discovered that 
reduced chromosomes by half, allowing for 
fertilization to restore cells to the full num- 
ber. His prediction was confirmed in 1888. 
By the twentieth century, scientists were 
familiar with some of the basic features of the 
chromosome, such as its splitting during mi- 
tosis (normal cell division) and meiosis (cell 
division in which the number of chromo- 
somes are reduced by half). Also, chromo- 
somes appeared to carry very specific infor- 
mation; for example, U.S. cytologist 
Clarence McClung (1870-1946) suggested 
in 1902 that certain pairs of chromosomes 
were responsible for determining sex. Scien- 
tists were beginning to view chromosomes as 


the key to understanding heredity. In 1903, 


one of McClung’s students, Walter S. Sutton 
(1877-1916), argued that work on chromo- 
somes would prove that their interactions 
and separation during cell division consti- 
tuted the physical basis of Mendelian laws. At 
that time, Gregor Mendel’s (1822—1884) 
work on genetics had resurfaced and many 
biologists accepted it as a new mathematical 
law of heredity. Chromosomes, Sutton 
believed, were crucial in transmitting 
Mendelian characters. Aside from uniting cy- 
tology and genetics, this belief put genetic 
theory on material footing, opening a path 
for laboratory experimentation. 

Despite the clear relationship between 
chromosomes and heredity, it was equally 
clear that there were far more characteristics 
to pass on than there were chromosomes. 
Sutton noted that there must be many differ- 
ent genetic characters associated with a single 
chromosome. Characters were not always in- 
dependent; in fact, it seemed that some of 
them always were inherited together, perhaps 
lumped onto a single chromosome. This 
seemed to suggest that “genes,” as the unit of 
heredity was called, were arranged into link- 
age groups. U.S. biologist Thomas Hunt Mor- 
gan’s (1866-1945) breeding experiments 
with Drosophila melanogaster—the fruit fly— 
showed clear deviations from the Mendelian 
laws if one assumed that characters all were 
inherited independently. Although he initially 
rejected the notion that genetics characters 
were carried by chromosomes, these experi- 
ments convinced him that “linkage” indeed 
was taking place. For example, he noted that 
the trait “white eyes” was always passed on 
with another, “rudimentary wings.” 

In 1911, Morgan’s chromosome theory of 
inheritance suggested that multiple genes 
were carried on chromosomes and that these 
genes could be identified, or “mapped.” Mor- 
gan’s student A. H. Sturtevant (1891—1970) 
published the first such chromosome map in 
1913 in the Journal of Experimental Zoology. It 
showed the arrangement of six characters on 
the chromosome. Over the next several 
years, the chromosome theory of inheritance 


increasingly gained supporters, until finally 
its greatest opponent, British geneticist 
William Bateson (1861-1926), abandoned 
his criticisms and embraced it in 1922. Mor- 
gan became the leading geneticist and his stu- 
dents, among them Sturtevant and H. J. 
Muller (1890-1967), helped more fully to 
establish the chromosome as the material car- 
rier of heredity. 
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Cloud Chamber 

The cloud chamber was developed by 
Charles T. R. Wilson (1869-1959) in 1911. 
This instrument, improved over subsequent 
years, was designed to trace the paths of ion- 
izing particles by observing them in a cham- 
ber packed with vapor. Wilson, who was 
then working at Cambridge University’s 
Cavendish Laboratory, arrived at the idea 
from his interest in meteorological studies. 
The principle of the chamber was simple: As 
charged particles (such as protons and elec- 
trons) passed through vapor, the ionized 
droplets became visible because of their sud- 
den expansion. Wilson discovered this prin- 
ciple in the 1890s and began work on a cham- 
ber to turn the phenomenon into an 
experimental tool. 

In 1911 Wilson created the first working 
chamber and took the first photograph of the 
ionization traces. By photographing the 
traces that appeared in the cloud chamber, 
physicists had a means to observe the ioniza- 
tion process and track the paths of charged 
particles in any experimental environment. 
The cloud chamber, like the ionization 
counter developed afterward by German 
physicist Hans Geiger (1882—1945), pro- 
vided the detection methods for the intensive 
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experimental research on particle physics in 
the 1920s and 1930s. The cloud chamber was 
improved in the 1920s by Japanese physicist 
T. Shimizu and Patrick M. S. Blackett 
(1897—1974), both working at the Cav- 
endish. The small cloud chambers typically 
were used to detect the particles released 
during the decay of radioactive minerals. 
Large cloud chambers proved useful for de- 
tecting the presence of cosmic rays. 


See also Cavendish Laboratory; Physics; 
Radioactivity 
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Cockcroft, John 
(b. Todmorden, Yorkshire, England, 1897; 
d. Cambridge, England, 1967) 

John Cockcroft, who shared the 1951 
Nobel Prize in Physics with his collaborator, 
Ernest T. S. Walton (1903—1995), led a sci- 
entific career at the center of high-energy 
physics. His journey in this field began when 
his studies at the University of Manchester 
happened to coincide with Ernest Ruther- 
ford’s (1871—1937) tenure there, and he at- 
tended some of the latter’s lectures on the 
atom. But another decade would pass before 
he would begin a more lasting relationship 
with Rutherford. Like so many of his coun- 
trymen, Cockcroft went into active service 
during World War I. He was a signaler for the 
Royal Field Artillery. He began to take an in- 
terest in electrical engineering, and when the 
war ended, he spent several years in that field 
and in studying mathematics. After these 
many years of training, in 1924 Cockcroft 
joined Rutherford’s group at Cambridge Uni- 
versity, at the Cavendish Laboratory. 
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Cockcroft fit in well with the people at 
the Cavendish Laboratory, whose fascina- 
tion with atomic structure he came to share. 
One of these colleagues was the Russian 
George Gamow (1904—1968), who had 
provided the theoretical basis for the escape 
of alpha particles from atomic nuclei. 
Gamow’s statistical calculations endowed 
alpha particles with wave properties, allow- 
ing some of them to penetrate the energy 
barrier that seemed to trap them. Cockcroft 
reversed this and calculated that protons of 
high energy would be likely to penetrate the 
same barriers to enter the nucleus. This 
could, he reasoned, be achieved in a labora- 
tory if a contraption could be devised to ac- 
celerate protons. 

After receiving Rutherford’s blessing to 
work on this problem at the Cavendish Labo- 
ratory, Cockcroft and Ernest T. S. Walton 
constructed a machine to accelerate protons 
by 1930. It consisted of a vacuum tube pro- 
vided with a proton source attached to a volt- 
age multiplier. With the multiplier they 
managed to achieve more than 700 kilovolts. 
When turning the proton beam on a lithium 
target, they detected alpha particles being 
emitted after raising the multiplier to 125 
kilovolts. As they increased the voltage, the 
amount of alpha particles increased. Cock- 
croft and Walton soon realized that they 
were witnessing the disintegration of ele- 
ments. Bombarding a lithium element with a 
proton resulted in a transformation into two 
alpha particles (ions of helium). 

The results of these experiments, an- 
nounced in 1932, were astounding. Already 
in 1919 Rutherford had demonstrated the 
possibility of transmuting atoms with pro- 
tons, but Rutherford had confined himself to 
protons at natural speeds. Now, through ac- 
Cockcroft and Walton had 
achieved the first nuclear transformation 


celeration, 


from artificial means. They continued their 
work on accelerators in the subsequent years, 
although by this time U.S. physicist Ernest 


Lawrence (1901—1958) was constructing an 


even more powerful device for particle accel- 
eration, the cyclotron. Cockcroft then took 
his cue from Lawrence, building a cyclotron 
for the Cavendish Laboratory in the late 
1930s. 

Cockcroft entered into war work again 
during World War II. He contributed to 
Britain’s radar projects, to help detect sub- 
marines and aircraft. This wartime work on 
radar would have a decisive impact on the 
course of the war, particularly in the struggle 
for air supremacy in the Battle of Britain. His 
government sent him to the United States in 
1940 as part of Sir Henry Tizard’s (1885— 
1959) effort to share military secrets with the 
United States. For the next several years, 
Cockcroft worked primarily on radar before 
becoming the director of atomic energy re- 
search for the British and Canadians in 1944. 

When the war ended, Cockcroft became 
the dominant scientific voice in British nu- 
clear affairs, as director of the Atomic Energy 
Research Establishment at Harwell from 
1946 to 1959. He continued to support re- 
search on particle acceleration, helping to es- 
tablish not only a series of accelerators at 
Harwell but also the Rutherford Laboratory 
at Chilton, and by supporting the European 
Center for Nuclear Research (CERN). 


See also Cavendish Laboratory; Cyclotron; 
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Cold War 

As World War II drew to a close in 1945, sci- 
entists began to play an important role in the 
mounting “Cold War” between the United 
States and the Soviet Union. Because of the 
primacy of the atomic bomb in both U.S. and 
Soviet global strategy in the years following 
the war, supremacy in science and technol- 
ogy became the centerpiece of the Cold War 
confrontation. Although the countries did 
not fight each other directly, they antago- 
nized each other politically, while pouring 
money into scientific institutions and military 
establishments in a race to prevent the other 
from maintaining either a diplomatic advan- 
tage or a strategically superior position in the 
event of an actual war. 

The United States and the Soviet Union 
were allies during the war, but the most im- 
portant scientific projects were not shared 
between them. The United States collabo- 
rated with Britain on both radar and the 
atomic bomb project, but the Soviet Union 
was excluded from these arrangements. 
Some atomic scientists, such as Leo Szilard 
(1898—1964) and Niels Bohr (1885—1962), 
favored sharing information with the Soviet 
Union as a peaceful gesture and argued force- 
fully for the international control of atomic 
energy as the only means of averting a con- 
frontation and a costly arms race. But politi- 
cal leaders—especially British prime minister 
Winston Churchill (1874—1965)—were 
adamantly opposed to it, believing that a 
postwar Anglo-American alliance would 
need the bomb as diplomatic leverage to pre- 
vent the aggression of the Soviet Union. Sci- 
entific know-how, atomic or otherwise, in- 
creasingly became a commodity to be 
protected; in the final months of the war, 
U.S. and Soviet special intelligence teams 
sought out and “captured” German scientists 
for their own use in various scientific pro- 
grams, such as nuclear physics and rocketry. 
After the war, the occupation forces de- 
ported a number of German scientists and 
technicians. The U.S. effort to do this, 
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dubbed Project Paperclip, captured leading 
scientists such as Wernher Von Braun 
(1912-1977), who became instrumental in 
U.S. rocket programs. 

Although the Americans and British did 
not want to share the secrets of the atomic 
bomb, the Soviets already knew a great deal 
about it through a sophisticated intelligence 
network. The Federal Bureau of Investigation 
learned that Manhattan Project scientists 
Alan Nunn May (1911—2003) and Klaus 
Fuchs (1911—1988) had sold secrets to the 
Soviets throughout the war, and Fuchs had 
continued to do so when he became a leader 
of Britain’s postwar nuclear establishment. 
Because of such revelations, scientists came 
under suspicion for Communist sympathies 
or for their efforts to share information with 
the Soviet Union. The “internationalist” pro- 
clivities of leading scientists such as National 
Bureau of Standards director Edward Con- 
don (1902—1974), for example, led to hear- 
ings about his loyalty. Their access to national 
secrets, combined with some left-leaning po- 
litical sentiments, made scientists common 
targets for congressional investigations led by 
the House Un-American Activities Commit- 
tee (HUAC) or leading anticommunist politi- 
cians such as Joseph McCarthy (1908—1957) 
in the Senate. 

The Soviet Union began its own atomic 
bomb project after the battle of Stalingrad, in 
early 1943. Already it had received intelli- 
gence material, chiefly from the activities of 
Klaus Fuchs. Igor Kurchatov (1903—1960) 
headed the project. Most officials in the 
United States could not conceive of the Soviet 
Union being able to make the enormous effort 
necessary to build the bomb, at least for a 
decade or so. But Soviet leader Joseph Stalin 
(1879—1953) made it a priority, believing that 
his country would have no diplomatic power 
against the dominance of capitalist countries 
such as the United States or Britain if it did not 
also possess the bomb. This provided the 
physics community in the Soviet Union some 
protection from ideologues who wished to 
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enforce conformity of thought, as occurred in 
the biological sciences. In his desire to build a 
bomb, Stalin kept physicists above that dan- 
gerous political fray. This, combined with a 
highly successful espionage effort, allowed the 
Soviet Union to test its first device in 1949, 
years ahead of others’ expectations. 

Both the Soviets and Americans made sci- 
ence and technology central aspects of their 
national security strategies, first in the area of 
nuclear energy, but also in numerous other 
fields related to military technology. The So- 
viet success made the decision by the United 
States to pursue the hydrogen (fusion) bomb 
much easier; some scientists had argued that 
this weapon, which could be made a thou- 
sand times more powerful than the fission 
bomb dropped on Hiroshima, was not a mil- 
itary weapon, but rather an instrument of 
genocide. But President Harry Truman 
(1884—1972) reasoned, as did many others, 
that the Soviets would likely pursue it (he 
was right), and that the United States could 
not afford to be out-leveraged diplomati- 
cally. He made the decision to go ahead with 
the hydrogen bomb in 1950, beginning a new 
phase in the nuclear arms race. 

The complexity of the Manhattan Project, 
with its reliance on scientific expertise, in- 
dustrial production, political support, and ef- 
ficient management, convinced many of its 
participants that science in the postwar world 
would be equally complex. In light of the po- 
tential confrontation with the Soviet Union, 
new projects would be secret and funded by 
the military, necessitating new partnerships. 
The Navy, for example, would need to forge 
strong bonds with scientific institutions, to 
see new weapon systems move from the the- 
oretical stage to the implementation stage. 
The Air Force, which became an indepen- 
dent branch of the armed services in 1948, 
became the backbone of U.S. defense be- 
cause its strategic bombers would be the de- 
livery vehicles of atomic weapons in the 
event of war. The Cold War thus created sit- 
uations that some called Big Science, with 
teams of well-paid researchers coordinating 


research and techniques between universi- 
ties, corporations, and the armed services, to 
achieve large-scale, complex projects. It fos- 
tered close relationships that, a decade later, 
President Eisenhower would warn against 
and call the military-industrial complex. 

The United States also wanted to create 
scientific links with its allies, to ensure the 
existence of an anticommunist bloc well 
grounded in science and technology. Aware 
of the importance of science in U.S. power, 
the U.S. Department of State took an active 
role in carving a place for science within its 
own structure. It established science liaison 
offices overseas, to have U.S. scientists at- 
tend conferences and meetings, to keep 
watch over the latest scientific and techno- 
logical developments in other countries, in 
an effort to keep U.S. scientists abreast of 
new ideas and achievements. The first liaison 
office, in London, was designed to report on 
British activities while also fostering cooper- 
ative relationships. Led by Lloyd Berkner 
(1905—1967), a State Department commit- 
tee issued a report in 1950 entitled “Science 
and Foreign Relations,” outlining the need to 
keep apace of science and technology for the 
security of all free peoples of the world. 

In 1949, President Truman issued a direc- 
tive that assigned to the Department of State 
the responsibility of collecting and dissemi- 
nating ideas about the basic sciences from 
other countries. The Department of Defense 
also developed an intelligence network to en- 
sure that military technology in the United 
States was equivalent or superior to that of 
any other nation. At the same time, Truman 
declared in his 1949 inaugural address that 
the United States wanted to pool the world’s 
scientific talent to help countries of the de- 
veloping world. Because it was the fourth 
point in his address, the U.S. effort became 
known as Point Four. Like the Marshall Plan, 
which provided grants and loans to Europe, it 
was designed to help the recovery of poor na- 
tions by providing them with technical ex- 
pertise. Behind Point Four, however, was 
Truman’s strategy of containing commu- 


nism; to strengthen poor, nonaligned coun- 
tries was a way to win them over to the “free 
world” without pouring vast sums of cash 
into them, as had occurred with the Marshall 
Plan in Europe. 


See also Atomic Bomb; Atomic Energy 
Commission; Espionage; Game Theory; 
Loyalty; Office of Naval Research; Patronage; 
Soviet Science 
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Colonialism 
Modern science and European colonialism 
were closely connected after the fifteenth 
century, with newly discovered species of 
flora and fauna requiring reevaluation of old 
systems of biological classification and un- 
precedented access to the world’s physical 
and human resources, transforming scien- 
tists’ ability to study and observe. By the end 
of the nineteenth century, “colonial science” 
was an activity with special characteristics, 
decidedly different from that taking place in 
metropolitan, industrialized Europe. Its most 
salient characteristic was its reliance on Eu- 
rope or North America for authority and 
guidance. But Europeans depended on the 
colonies, too, as a source of previously un- 
known forms of “exotic” knowledge, and 
they used their own knowledge to exercise 
imperial control over distant lands. 

One view of the differences between met- 
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ropolitan and colonial science, proffered by 
historian George Basalla, emphasized the 
process by which colonial science became 
more autonomous and capable of indepen- 
dent scientific activity. He saw this as a pro- 
gression of the spread of Western science to 
other parts of the world, and he devised a 
three-stage approach to the development of 
scientific communities. First, outlying terri- 
tories became resources for scientists in ad- 
vanced countries (in Europe or the United 
States). Second, they developed scientific 
communities of their own, but they were de- 
pendent on Europeans. And third, they be- 
came wholly independent communities. This 
model did not necessitate an official colonial 
status but referred instead to the relationship 
between scientific communities. The model 
is instructive but limited in explanatory 
power, as it does not help to understand how 
colonies shaped science in metropolitan 
areas, and it does not provide ways to under- 
stand how colonial science facilitated the 
consolidation of imperial power. 

Scientific knowledge often helped to rein- 
force imperialism. This was particularly true 
in the field of medicine, as Europeans tried to 
eradicate tropical diseases in their colonies. In 
combating diseases such as malaria, sleeping 
sickness, bilharzia, and smallpox, Europeans 
defined the critical problems themselves and 
imposed solutions upon indigenous popula- 
tions; local peoples played little or no role in 
using knowledge to develop public health 
measures. Although this was a means of pro- 
moting sanitation and fighting fatal or debili- 
tating illnesses, it provided imperial authori- 
ties—armed with the tools of science—with 
extraordinary power over indigenous popula- 
tions, because they were the sole bearers of 
life-saving knowledge. In addition, such ef- 
forts typically began as a means to prevent 
widespread deaths among Europeans, who 
died in larger numbers from such diseases be- 
cause of lack of previous contact. Keeping 
white Europeans alive in distant lands, 
through knowledge of medicine, helped to 


reinforce control over colonies. 
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The feedback of information and impres- 
sions by colonial Europeans to their home- 
lands transformed many scientific fields and 
created others. One of the strongest of these 
influences was in anthropology. This field de- 
veloped in the nineteenth century, often mo- 
tivated by the desire to rank the races of the 
world in a hierarchy. Britain’s vast empire 
was used as a collecting ground for specimens 
of flora and fauna, but also of different races 
of men. After the first two decades of the 
twentieth century, however, by the end of 
World War I, many British intellectuals 
abandoned their progressive view of racial hi- 
erarchy, which had placed British blood and 
civilization at the top. The war itself radically 
altered that belief, casting doubt on whether 
Western civilization was truly progressing at 
all. “Functionalist” anthropologists began to 
study the operations of individual societies 
for their own sake, rather than to place abo- 
riginal peoples at some rung on a ladder in 
the climb toward greater—that is, more 
“Western”—civilization. 

Also after World War I, colonial science 
often was reoriented to encompass more 
strategic goals. For years, French scientists 
looked to the colonies in North Africa and 
elsewhere as sources of employment and as a 
vast source of data, making climate, seismic, 
magnetic, astronomical, and other kinds of 
observations and classifying exotic species. As 
in other national contexts, colonial authorities 
looked toward experts at home for guidance 
on scientific and other matters. Thus, argues 
historian Lewis Pyenson, French scientists 
could spread not only their ideas but also their 
cultural values to the colonies. Yet after the 
war, French scientists focused less on the col- 
lection of data and specimens for the benefit 
of scientists in France and more on the devel- 
opment of resources in the colonies. Scien- 
tists argued that their research was of strategic 
value, making up an important part of French 
strength not only at home but abroad in the 
colonies. This sparked debate over who 
should set agendas for scientists in the 
colonies, whether the colonial scientists or 


strategic planners in France. Germany also 
developed colonial science after World War I 
for strategic reasons. In Western Samoa, for 
example, scientists established a geophysical 
station, and scientists in other disciplines 
were active in Argentina and China. In the 
case of Germany, much of its influence had no 
political status (the countries were indepen- 
dent). Yet through scientific knowledge, Ger- 
many exerted cultural influence; its power to 
do this helped scientists convince the German 
government to fund their activities for pres- 
tige value. 

Longstanding imperial relationships led to 
deep divisions among the peoples in colonial 
territories about the value of Western sci- 
ence. Was it a tool of control, or was it sim- 
ply a universal kind of knowledge to which 
no culture or country could claim owner- 
ship? Widespread decolonization after World 
War II provoked such difficult questions 
about the role of Western science in an era 
when the atomic bomb appeared to make sci- 
ence an even more important tool of great 
power diplomacy. In India, activist Mohandas 
Gandhi (1869—1948) had spent many years, 
long before the war, challenging his country- 
men to avoid becoming yet another Euro- 
pean or U.S. state. Like many other colonies, 
India’s economy was transformed to attempt 
industrialization after World War I, because 
the British government wanted to ensure that 
its crown jewel (the colony itself) would pro- 
vide war goods if fighting broke out again. 
Gandhi was highly critical of technology and 
industrialization, which he believed were 
used by a few individuals to control the 
masses. Scientific knowledge could do this as 
well, and Gandhi insisted that India pursue 
science only for productive, humanitarian 
ends. When India underwent its indepen- 
dence movement in the late 1940s, science 
and technology were highly valued, but 
specifically for their role in catalyzing eco- 
nomic and social development. Other former 
colonial territories, now forced to define ex- 
plicitly their attitudes toward “Western” sci- 
ence—a legacy of empire—typically took a 


similar road, believing that they should har- 
ness it when useful for development, but also 
that they should be wary of the power of such 
knowledge in the hands of those wanting to 
manipulate and control others. 


See also Geophysics; Medicine; Patronage; 
Scientism; Social Progress; Technocracy 
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Compton, Arthur Holly 
(b. Wooster, Ohio, 1892; d. Berkeley, 
California, 1962) 

Arthur Compton is known, as the Nobel 
Prize committee put it in 1927, “for his dis- 
covery of the effect named after him.” Comp- 
ton lent his name to science as few scientists 
have, and in the 1920s he became a major fig- 
ure in the world of physics. As an American, 
Compton was an anomaly during a period 
when Europeans dominated both experimen- 
tal and theoretical physics. He later helped to 
transform his country into a center of scien- 
tific activity while directing the best scientific 
minds under the Manhattan Project. 

Compton received a Ph.D. from Princeton 
in 1916, writing a thesis on X-ray diffraction 
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and scattering. After the United States en- 
tered World War I, he worked as a research 
engineer for the Westinghouse Electric and 
Manufacturing Company and helped to de- 
velop aircraft instruments for the Army Signal 
Corps. While at Westinghouse, Compton 
continued his studies of X-rays, formulated a 
conception of an electron with finite size, and 
conducted studies of magnetization on the re- 
flections of X-rays by crystals. 

After the war, Compton received a fellow- 
ship to study at Cambridge University’s 
Cavendish Laboratory, where physicists 
flocked during the interwar years to work 
with the leading investigators of the atom, J. 
J. Thomson (1856—1940) and Ernest Ruther- 
ford (1871-1937). However, at Cambridge, 
the equipment Compton needed to continue 
high-voltage X-ray experiments was not avail- 
able, so he shifted temporarily to the study of 
the scattering of gamma rays. During his year 
abroad he held fast to his notion of an electron 
with finite size, which he hoped would ac- 
count for the intensity of scattering and the 
change of wavelength with scattering angle. 
But his work increasingly only enhanced a 
growing conceptual disparity between the 
laws of physics and the results he observed. 

When he returned to the United States, 
Compton took a job in the physics depart- 
ment at Washington University, in St. Louis, 
Missouri. He turned again to X-rays, using 
the crystal spectrometer developed by 
William Henry Bragg (1862—1942). With the 
aid of this instrument, he measured the 
change in wavelength of monochromatic X- 
rays scattered from a target at various angles. 
The shift in wavelength itself, initiated by 
striking electrons at rest in the target, has 
since become known as the Compton effect. 

Compton’s achievement in 1923 was not 
merely in describing the effect, but also in 
explaining it in the context of quantum the- 
ory. Although Compton was well acquainted 
with quantum theory, it was only after he 
read a paper by Albert Einstein (1879-1955) 
on the linear momentum of photons that he 
saw a way to demonstrate it using X-rays. A 
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photon, according to quantum theory, was 
the basic unit (or quantum) of electromag- 
netic radiation. If an X-ray photon carried 
linear momentum as well as energy, Comp- 
ton could treat the interaction in terms of 
momentum and its conservation, as an X-ray 
photon collides with an electron in the target 
substance. Assuming the conservation of en- 
ergy (a fundamental principle of physics), 
Compton had to account for all of the energy 
after impact. He showed that the collision re- 
sulted in a new photon of less energy (and 
thus greater wavelength) being scattered 
after contact, while the target electron took 
on some of the energy as well. The total en- 
ergy was conserved. The shift in wavelength 
depended on the mass of the electron and the 
angle of scattering. This work was crucial in 
establishing experimental evidence for con- 
ceiving of electromagnetic radiation (such as 
light and X-rays) as composed of quanta, 
with both energy and directed momentum. 

The Compton effect was important not 
only for its description of photon scattering, 
but also for its ramifications for understand- 
ing electrons. In the interaction just de- 
scribed, the electron was at rest. After a col- 
lision, however, the electron recoiled. 
Compton calculated the wavelength of the 
electron in motion after striking a photon, 
and the result became known as the Comp- 
ton wavelength. Compton’s results, which 
support the notion that radiation behaves as 
both wave and particle, precipitated a flurry 
of fundamental work in quantum physics in 
the 1920s. The quantum mechanics that 
emerged at the end of the decade can be 
viewed in part as the theoretical explanation 
of the experimental evidence found in 
Compton’s laboratory. Even Werner 
Heisenberg’s (1901—1976) uncertainty prin- 
ciple, asserting the impossibility of locating 
the electron with accuracy, can trace its ori- 
gins to the problems of electron recoil de- 
scribed by Compton in 1923. 

Compton’s 1927 Nobel Prize, shared with 
C. T. R. Wilson (1869—1959), demonstrated 
the international recognition of his work and 


cemented his leading position in the U.S. com- 
munity of physicists. He turned his research 
from X-rays to cosmic rays, for which he led 
expeditions throughout the world to measure 
their intensity. This work ended abruptly dur- 
ing World War II, when Compton entered the 
project to build the atomic bomb. 

Compton achieved a position of leadership 
in the project from an early date. Even before 
the attack on Pearl Harbor, which brought the 
United States into the war, he chaired the Na- 
tional Academy of Sciences Committee on 
Uranium, for which he worked with Ernest 
Lawrence (1901-1958) in determining the 
military possibilities of uranium and the re- 
cently discovered element plutonium. The 
two men took a leading role in initiating the 
Manhattan Project to build the bomb. Comp- 
ton directed the Metallurgical Laboratory at 
the University of Chicago, where he recruited 
scientists, many of them émigrés from Eu- 
rope, to create a nuclear chain reaction. Ital- 
ian physicist Enrico Fermi (1901—1954) led 
this particular project, along with Hungarian- 
born Leo Szilard (1898—1964) and other sci- 
entists working under a veil of secrecy. When 
Fermi succeeded, it was Compton who 
phoned his colleague James Conant with the 
cryptic news, “The Italian navigator has 
landed in the New World.” Compton went 
on to play a leading role in creating the crucial 
nuclear facilities in Oak Ridge, Tennessee, 
and Hanford, Washington. When the war 
ended, he left the world of research and re- 
turned to Washington University in St. Louis 
to become its chancellor. 


See also Atomic Bomb; Manhattan Project; 
Physics; Quantum Theory; X-Rays 
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Computers 

The word computer once referred to a person 
charged with the task of making routine cal- 
culations. This computer’s job was eased by 
the development of various calculating ma- 
chines, which had cumbersome names like 
Charles Babbage’s (1791—1871) nineteenth- 
century “difference engine.” The modern 
computer, typically viewed as a revolutionary 
new device, might also be seen as evolution- 
ary. Computing technology grew from pre- 
existing needs and equipment. The modern 
computer’s ancestors were the typewriter, 
the cash register, punch-card equipment, and, 
most important, the human worker. 

The word computer itself appears to ex- 
clude a widely perceived element of such 
technology, namely, artificial intelligence. 
Do machines simply “compute,” or is intelli- 
gence in machines possible? In 1936, Alan 
Turing (1912—1954) developed a theoretical 
“machine” that could serve the same function 
as a human brain in calculating a range of 
mathematical problems. Turing’s machine, 
based on sequential calculations, provided a 
limitless supply of space for basic calculations 
(a “tape” as long as needed). He went on to 
write some of the earliest programs in artifi- 
cial intelligence, including not only mathe- 
matical problem solving but also chess. 

The transition from analog to digital com- 
puters was a fundamental change in modern 
computing. Analog computers, like Van- 
nevar Bush’s (1890—1974) differential ana- 
lyzer, created in various incarnations begin- 
ning in 1931, could address complex 
problems but required a great deal of effort 
in setting up the precise parameters of the 
problem to be solved. Bush’s machine essen- 
tially modeled the variables in the problem, 
simulating as precisely as possible expected 
conditions. The results were not exception- 
ally accurate, but they often were useful. His 
machine was first envisioned in 1927, and it 
took some $25,000 to build. Turing’s theo- 
retical machine sparked interest in digital 
computers that could solve complex prob- 
lems not through simulation but through 
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long, sequential, basic, but highly accurate 
calculations. Although analog computers had 
several advantages over digital ones, the in- 
creasing speed and accuracy of digital calcula- 
tions appeared to outweigh them. 

The first machines to demonstrate the su- 
periority of electronic digital computers over 
analog (or even mechanical digital computers) 
were developed in the United States at the 
University of Pennsylvania’s Moore School of 
Electrical Engineering and at Princeton Uni- 
versity’s Institute for Advanced Study. The 
Moore School’s Electronic Numerical Inte- 
grator and Computer (ENIAC) was born dur- 
ing World War II under a veil of secrecy and 
became known to the public in 1946. ENIAC 
could make 5,000 addition and 300 multipli- 
cation calculations per second, at least a hun- 
dred times faster than any existing computer. 
The Electronic Discrete Variable Computer 
(EDVAC) soon followed, largely based on the 
ideas of John Von Neumann (1903—1957). 
The EDVAC stored the calculating program 
in its memory, an innovation that would soon 
set the norm in computers. 

During the war, computers served a deci- 
sive role. For example, Turing and others de- 
veloped machines for the British government 
that were used to break German codes. 
British leadership in the field was soon taken 
over by the Americans. Project Whirlwind, 
begun in 1944, aimed to produce an aircraft 
simulator that used a computer to respond 
quickly to pilots’ actions. The computer itself 
soon became the focus of the project, and the 
simulator was neglected in favor of develop- 
ing a real-time computer, Whirlwind I. This 
computer, useful for design projects and sim- 
ulation, became a critical part of U.S. na- 
tional defense systems in the 1950s. 

Although the computer can be seen as an 
end product of research and development, it 
should also be viewed as a beginning. As Von 
Neumann noted, not only was the computer 
an important tool, it was an object of scien- 
tific study. The dynamics of numerical 
processes had fascinated Von Neumann since 
the 1920s. Information exchanges and 
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Computer operators program ENIAC, the first electronic digital computer, by plugging and unplugging cables and adjusting 
switches. (Corbis) 


processes seemed akin to neural processes; 
like other cybernetics enthusiasts, Von Neu- 
mann drew a great deal of inspiration from 
the apparent parallels among computing, bi- 
ology, and neurology. His Silliman Lectures, 
“The Computer and the Brain,” delivered in 
the 1950s, explored some of these connec- 
tions. He proposed a theory of automata, to 
develop the logical parameters by which ma- 
chines independently could regulate them- 
selves. But many of his ideas remained unde- 
veloped, because he died of cancer in 1957. 
In the first decade after World War II, 
computers did not seem commercially viable. 
Typically they were large, one-of-a-kind 
computers developed for specific purposes, 
usually funded through government grants. 
They were unreliable, and they were huge. 
The initial phase of implementation of com- 
puters on a large scale would occur in the 
1950s, when banks and accounting firms saw 


them as potentially time- and money-saving 
devices. In addition, military sponsors looked 
increasingly to computers to solve the defense 
problems of the Cold War, such as the SAGE 
early warning system, a network of radar sta- 
tions positioned to alert the United States of 
the presence of enemy bombers. 


See also Cold War; Electronics; Godel, Kurt; 
World War II 
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Conservation 

Conservation has roots in economics, owing 
to concerns about the possible depletion of 
resources brought about by overhunting, 
overharvesting, and overfishing. In the early 
twentieth century, the world’s wildernesses 
were shrinking and governments began to 
recognize the need to manage their resources 
more efficiently. Scientists played a leading 
role in helping to establish guidelines for sen- 
sible resource exploitation with long-term 
conservation in mind. By mid-century, these 
efforts were complemented by a relatively 
new approach to conservation that incorpo- 
rated ecological ideas. 

Early conservation policies in the United 
States owed a great deal to the efforts of Gif- 
ford Pinchot (1865—1946), forester and 
politician. Between 1898 and 1910, Pinchot 
developed the U.S. Forest Service and ex- 
panded the number of national forests con- 
siderably, while publicly noting that the 
United States needed to conserve its natural 
resources. He was particularly concerned 
about the lumber supply, but he also argued 
for the conservation of other nonliving re- 
sources such as water, soil, and minerals. His 
brand of conservation was utilitarian; Ameri- 
cans, he believed, should conserve in the in- 
terest of making their resources last. Al- 
though Pinchot 
interested in wildlife preservation, he played 


was not particularly 
a major role in influencing major conserva- 
tion efforts because of his political connec- 
tions. Pinchot’s conservationist attitudes held 
sway over his friend Theodore Roosevelt 
(1858—1919), the president of the United 
States (1901—1909), who was an avid hunter. 
In addition to helping to establish the U.S. 
Forest Service, Roosevelt set aside land for 
the creation of some 150 national forests, 
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more than 50 wildlife refuges, and 5 major 
national parks. The national parks also bene- 
fited from the handsome donations of philan- 
thropists, especially the Rockefeller family, 
which contributed to the Grand Teton, Great 
Smoky Mountains, and Acadia parks. 
Another leading U.S. conservationist was 
Aldo Leopold (1887—1948), who spent part 
of his career working for the U.S. Forest Ser- 
vice. Unlike Pinchot, Leopold was adamant 
about protecting wildlife. Leopold was 
among the first to draw attention to the fact 
that killing wolves and other animals, a rou- 
tine matter for pioneers in the nineteenth 
century, was disturbing the ecological bal- 
ance of nature. Leopold himself became a pi- 
oneer in developing a less human-centered 
vision of nature, based on interdependence. 
Like many early conservationists, Leopold 
was a hunter concerned with diminishing 
populations (fishermen had similar con- 
cerns). But he urged land-use policies that 
conformed to the relationships of ecological 
systems rather than the resource needs of hu- 
mans. In the 1930s, Leopold promoted the 
view that the land itself was an organism, and 
human action should work to keep it alive, 
rather than simply to strip it of flora, fauna, 
and minerals. He developed the concept of a 
“land ethic,” tying land-use utilitarianism to 
the moral imperative of keeping an ecological 
community alive. Leopold’s writings, espe- 
cially the posthumously published A Sand 
County Almanac (1949), became classics of 
ecology-minded conservationists. 
Conservation as a scientific and political 
movement took hold most prominently in the 
United States, where it consistently was chal- 
lenged by the apparent demands of industrial- 
ization and territorial development, but ef- 
forts to conserve resources took place 
elsewhere as well. One of these was at sea; 
just as hunters in the United States hoped to 
prevent the demise of bison and other beasts, 
fishermen hoped to manage the exploitation 
of the sea’s herring, cod, and plaice. Coun- 
tries with mutual interests in the fish of the 
North Atlantic and surrounding waters, 
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particularly Britain and Norway, formed the 
International Council (later called the Inter- 
national Council for the Exploration of the 
Sea) in 1902, whose goal was to adopt sensi- 
ble management policies based on scientific 
research on marine biology and physical 
oceanography. Conservation also was pro- 
moted by scientists in Russia and, after the 
Bolshevik Revolution, in the Soviet Union. As 
in the case of the United States, however, the 
Soviet Union’s conservation goals often con- 
flicted with its development agenda. The So- 
viet Union’s plans for accelerated develop- 
ment, embodied in Joseph Stalin’s (1879— 
1953) “five-year plans” during the 1930s, 
overpowered these efforts and took a serious 
toll on the natural environment. Although So- 
viet scientists had been among the leaders in 
ecology and nature conservation, Stalin’s pro- 
grams to force economic growth upon the 
country cast many of these concerns aside. 
Overexploited resources and unchecked pol- 
lution made the Soviet case stand as one of the 
great ecological catastrophes of the twentieth 
century. 
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Continental Drift 

Continental Drift was the name given to the 
idea that continents were horizontally mo- 
bile, and that the apparent congruence of 
major continental coastlines was evidence 


that the continents once were assembled dif- 
ferently than they are at present. The idea 
that the continents once had been joined was 
not entirely new and already had been a sub- 
ject of speculation for years, as soon as the 
jigsaw fit of South America and Africa was 
noted on modern maps. The first scientific 
effort to demonstrate it, however, came in 
the twentieth century. Although one effort to 
do so was made by U.S. geologist Frank Tay- 
lor (1860—1939) in 1907, the first that was 
widely discussed was that done by German 
meteorologist Alfred Wegener (1880— 
1930). In 1910, Wegener noted that the con- 
tinental margins, visible only when viewing a 
bathymetric map (which reveals water depth, 
providing more detailed information than a 
coastline map), were strikingly congruent 
between South America and Africa, while 
other areas seemed to fit as well, given a lit- 
tle creative thinking. 

Wegener’s idea challenged the basic as- 
sumptions about the earth at the time. 
These were based largely on the work of 
Austrian scientist Eduard Suess (1831— 
1914), whose monumental late-nineteenth- 
century work Das Antlitz der Erde (The Face of 
the Earth) had proposed that the earth was 
contracting, and that any major motion in 
the earth was due to vertical sinking or up- 
lift. According to Suess, the earth had been 
in a constant state of contraction since the 
time of its formation. Because the inner 
portions of the earth contracted faster, most 
of the tensions in the earth were found in 
the crust. Such tensions were resolved from 
time to time by structural shifts, resulting in 
the disparate features (hills, mountains, 
etc.) on the face of the earth. It should be 
emphasized that Suess did not argue for a 
stable earth; like Wegener, he believed that 
the earth’s features were impermanent. In 
particular, Suess believed that in the distant 
past, there were two vast continents—he 
named them Atlantis and Gondwanaland, 
separated by a sea he called Tethys. 

Wegener first announced his own inter- 
pretation of the origins of landmasses in 


1912, claiming that there had once been a 
giant continent, which he called Pangaea, 
but over time it had broken up and the pieces 
had drifted apart. He broke with Suess, who 
claimed that the ocean basins and continents 
were simply uplifted or sunken versions of 
each other. Wegener, following the princi- 
ple of isostasy (the tendency toward gravita- 
tional equilibrium), noted that the difference 
in average elevation between them must 
have meant they were distinct in composi- 
tion. The continents were lighter than the 
ocean basins. He also observed that his the- 
ory could do more than Suess’s in incorpo- 
rating recent discoveries of radioactive ma- 
terial in the earth’s crust, and it avoided the 
serious flaw in Suess’s theory, namely, the 
lack of ocean sediment on the continents, 
which would be required if the modern con- 
tinents had once been ocean basins. Most of 
the supporting bits of evidence for his theory 
were geological and paleontological, citing 
similar formations and fossil evidence on 
both sides of the Atlantic. These and other 
ideas in support of continental drift were 
published in his 1915 work, Origins of Conti- 
nents and Oceans. 

Wegener’s theory of continental drift had a 
few supporters. The primary reason for re- 
jecting continental drift was the inability of 
Wegener to convince the physicists that such 
motion was possible. Despite the evidence in 
its favor, continental drift simply did not have 
an adequate mechanism to be considered a 
possibility. What physical forces were strong 
enough to move such huge blocks of rock 
across the face of the earth? The earth, scien- 
tists such as British physicist Harold Jeffreys 
(1891-1989) argued, was fixed. Jeffreys was 
particularly influential upon English-speaking 
scientists through his textbook, The Earth: Its 
Origin, History and Physical Constitution, first 
published in 1924. Many U.S. geologists were 
very critical of Wegener. Nonetheless, We- 
gener’s ideas found some fertile ground. The 
most 
drift, 
1930, was South African geologist Alexander 


outspoken supporter of continental 
especially after Wegener’s death in 
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Du Toit (1878-1948), who expanded the 
store of paleontological and geological evi- 
dence in his comparisons between South 
America and his homeland in Africa. 

One of the more helpful supporters of 
continental drift, particularly in light of the 
later development (in the 1960s) of the the- 
ory of sea-floor spreading, was British physi- 
cist Arthur Holmes (1890-1965). If finding 
an adequate mechanism was the main diffi- 
culty facing continental drift, Holmes pro- 
vided a possible answer in the 1930s. He 
proposed that the loss of heat from the earth, 
intensified by the presence of radioactive 
substances, could be considered a process of 
convection rather than conduction. This 
would require not merely the movement of 
heat, but also of physical material from deep 
within the earth toward the crust. Continu- 
ous convection would create a kind of cur- 
rent in the earth, with hot material moving 
toward the crust and cooler material being 
forced back down. This cycle, Holmes ar- 
gued, might provide a force strong enough to 
push continents around on the surface of the 
earth. Even die-hard advocates of a fixed 
crust such as Jeffreys agreed that the theory 
could indeed provide a possible mechanism, 
but few were willing to accept it as anything 
more than a theoretical possibility. It was 
upon these convection currents that the the- 
ory of continental drift rested, having per- 
suaded few, until it was revived in the early 
1960s. 
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Cosmic Rays 

Cosmic rays were discovered during a spate 
of scientific work on “rays” of various kinds, 
some of them real and others not, around the 
turn of the century. After the discovery of ra- 
dioactivity in 1896, most measurements of 
ions in the atmosphere were assumed to orig- 
inate in the earth’s radioactive minerals or 
gases; few speculated that some of them 
came from outer space. In 1912, Austrian 
physicist Victor Hess (1883—1964) con- 
ducted some observations aboard a balloon at 
a height of more than 5,000 meters. To his 
surprise, at altitudes higher than about 1,500 
meters, radiation intensity spiked sharply up- 
ward. He concluded that powerful rays must 
enter the earth’s atmosphere from above. 
This first record of cosmic rays suggested 
their existence, but their nature was almost 
entirely unknown. 

By the 1920s, most research on radiation 
was centered around radioactive minerals or 
man-made electromagnetic radiation such as 
X-rays. Cosmic radiation was far less studied 
or understood. California Institute of Tech- 
nology (Caltech) physicist Robert Millikan 
(1868—1953) replicated Hess’s and others’ 
work and coined the term cosmic rays. He 
gave little credit to the early work. Many be- 
lieved he had discovered them, which is why 
they were sometimes called “Millikan rays.” 
This oversight was later corrected when, in 
1936, Hess was awarded the Nobel Prize in 
Physics for his discovery. Because cosmic ray 
particles typically possessed large energies, 
they were a source of fascination by physi- 
cists. The problem was that, unlike alpha par- 
ticle sources from radioactive decay, it was 
very difficult to study cosmic rays in a con- 
trolled, laboratory environment. 

Because cosmic rays defied laboratory 
control, scientists who studied them devel- 
oped a reputation as adventurers, as they 
traveled to locations all over the world to 
gather data. Instruments to detect cosmic 
rays were placed in balloons and atop moun- 
tains. Apart from the cost of travel, research 
on cosmic rays was initially relatively cheap, 


because nature provided radiation of higher 
energies than anything that man-made parti- 
cle accelerators could produce at the time. 

U.S. scientists led the world in studying 
cosmic rays. Millikan believed initially that 
the rays consisted of high-energy photons. 
Under this conception, the rays were simply 
an intense variety of electromagnetic radia- 
tion, probably some kind of super gamma ray. 
Millikan argued that because no one had de- 
tected deflection of the cosmic rays by the 
earth’s magnetic field, they could not consist 
of charged particles. Research on these cos- 
mic “photons” was productive. Caltech’s Carl 
Anderson (1905-1991) credited them with 
so much power that he believed they were re- 
sponsible, upon collision with atomic nuclei, 
for ejecting a previously unknown particle: 
the positive electron, or positron. Anderson’s 
discovery of the positron in 1932, which 
would lead to a Nobel Prize in Physics, shared 
with Victor Hess in 1936, only heightened in- 
terest in the cosmic “photons.” But soon 
Arthur Compton (1892—1962), of Washing- 
ton University in St. Louis, Missouri, ob- 
served the deflection of cosmic rays by the 
earth’s magnetic field and concluded that the 
rays must include charged particles. Rather 
than gamma rays, the cosmic rays seemed to 
be made up of penetrating particles, a fact that 
was generally accepted by 1935. 

Physicists disagreed on exactly what kind 
of particles—electrons or protons—the cos- 
mic rays really were. Most thought they were 
electrons, but they behaved differently than 
the typical electrons studied in the labora- 
tory. For example, they were more penetrat- 
ing and were not as readily absorbable. This 
feature led Anderson to call them “green” 
electrons, as opposed to the more easily stop- 
pable “red” electrons. In 1937 he and his col- 
league Seth Neddermeyer (1907-1988) an- 
nounced, from their cosmic ray data, the 
existence of these “green” electrons, with a 
mass larger than normal electrons and much 
smaller than protons. 

Across the Pacific Ocean, Japanese physi- 
cist Hideki Yukawa (1907-1981) took notice 


of Anderson and Neddermeyer’s discovery, 
and correlated it with a prediction that he had 
made (although few in the West noticed it) 
two years earlier. On theoretical grounds, he 
had proposed the existence of an intermedi- 
ate particle that was necessary to bind the 
to the nucleus. 
Yukawa’s work soon found a wide audience, 


protons and neutrons 
and some even toyed with the idea of naming 
the Caltech group’s particle after him (the 
“yukon”). Instead, the particle was dubbed 
“meson,” indicating its middle status between 
electron and proton. However, as it turned 
out, Yukawa’s particle and the Caltech 
group’s particle were not one and the same. 
Yukawa’s theoretical particle was later called 
the charged pion, while the particle that the 
Californians found in cosmic rays was named 
the muon. By 1950, its precise mass was de- 
termined, though much about it remained 
unknown. Still, the discovery of the muon 
established the identity of some of the parti- 
cles from cosmic rays. 

The existence of cosmic rays has had an 
enormous impact on considerations of risk in 
radiation protection, a serious political and 
public health issue in the years following the 
development of nuclear weapons and power. 
The natural “background” radiation was often 
cited after World War II as justification for 
playing down the dangers of radiation from 
nuclear power plants, from radioactive 
waste, and from nuclear fallout. Scientists 
and laypersons alike pointed out the risks of 
such man-made sources of radiation and the 
need to eliminate them; however, their op- 
ponents (also scientists and laypersons alike) 
pointed out that the omnipresence of cosmic 
rays showed that radiation was not all bad, 
and it has been part of people’s lives since the 
beginning of human existence. 
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Cosmology 
Understanding the structure of the uni- 
verse—its composition, its origins, and its 
dynamics—is one of the oldest problems in 
the history of science. An essential feature of 
the “scientific revolution” in the sixteenth and 
seventeenth centuries was the replacement of 
an earth-centered universe with a sun-cen- 
tered one. Questions still lingered over 
whether it was a finite universe, as presented 
by the ancient Greeks, or an infinite one, as 
proposed by Giordano Bruno in the sixteenth 
century. Modern cosmology owes much of its 
origins to certain findings of the early twenti- 
eth century and can be divided into observa- 
tional cosmology and theoretical cosmology. 
Cosmology based on astronomical obser- 
vations dominated thinking in the early twen- 
tieth century. Star counting and cataloguing 
brought father and son William Herschel 
(1738-1822) and John Herschel (1792— 
1871) widespread recognition in the nine- 
teenth century. Between 1890 and 1920, 
Dutch astronomer Jacobus Kapteyn (1851— 
1922) and German astronomer Hugo Von 
Seeliger (1849—1924) led the efforts to assess 
the distribution of stars and to understand the 
universe as a system, subject to the mutual 
effects of Newtonian gravitation laws. Albert 
Einstein’s (1879—1955) publication of the 
general theory of relativity in 1915 did a 
great deal to disrupt cosmology. Most as- 
tronomers believed they lived in “Kapteyn’s 
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universe,” based on his understanding (pub- 
lished in 1921) of the Milky Way as a flat- 
tened disc about 40,000 light-years in size, 
with the sun close to the center. 

New techniques in determining distances 
changed Kapteyn’s universe considerably. 
Henrietta Swan Leavitt (1868-1921), while 
working at Harvard College Observatory, 
found a direct relationship between period 
and luminosity in certain variable stars called 
Cepheids. She suggested in 1912 that, be- 
cause the stars she studied were all in the 
Magellanic Clouds, they were all about the 
same distance from the earth. Astronomers 
realized that they could be compared with 
other variable stars in the universe to help 
judge distances (same apparent luminosity but 
differing periods would reveal a difference in 
distance). One of the first to use Cepheid 
variables successfully in this way was Harlow 
Shapley (1885—1972), then working at the 
Mount Wilson Observatory. Shapley in- 
creased the estimates of the size of the Milky 
Way to take into account the distances re- 
vealed by Cepheid variables, resulting in a 
galaxy some ten times larger than previously 
believed. He also determined the location of 
the Milky Way’s center and revised Kapteyn’s 
belief that the sun was near the center (Shap- 
ley put the sun far on the periphery). 

A hotly contested topic was the status of 
nebulae, the cloudlike bodies in space. Shap- 
ley and others argued that the Milky Way was 
alone in the universe, and that the nebulae 
were like eddies in the distance, integrated 
(however distantly) to the Milky Way. In the 
nineteenth century, some speculated that the 
nebulae were not part of the Milky Way at all, 
but rather were island universes with star sys- 
tems of their own, very far away. They took 
their cue from eighteenth-century philoso- 
pher Immanuel Kant, who coined the phrase. 
Shapley and Lick Observatory astronomer 
Heber D. Curtis (1872-1942) debated this 
question openly at the National Academy of 
Sciences in 1920. Shapley insisted that the 
nebulae belonged to a single system shared by 
all, whereas Curtis favored island universes. 


Their opinions were put into print, and even- 
tually Curtis’s view prevailed because of 
measurements of distance made by Edwin 
Hubble (1889—1953). By 1924, Hubble 
found thirty-six variable stars in the Androm- 
eda nebula, and he calculated a distance of ap- 
proximately 900,000 light-years. But the 
maximum estimate of the Milky Way’s diam- 
eter was accepted at about 100,000 light- 
years. These results indicated that the nebula 
was very distant and well beyond the reaches 
of our galaxy. His results were announced at 
a meeting of the American Astronomical So- 
ciety in December 1924. When Shapley re- 
ceived a letter from Hubble with the results, 
he reportedly said that the letter destroyed his 
universe. Curtis’s views were vindicated, and 
the galaxy became a new basic structural unit 
for understanding the universe. 

In 1929, Hubble made another remarkable 
discovery that changed assumptions about 
how to conceptualize the universe. For more 
than fifteen years, scientists had been measur- 
ing radial velocities of stars (radial velocity is 
the rate at which the distance between object 
and observer is changing) by observing the dis- 
placement of spectral lines from starlight. The 
displacement was attributed to the Doppler 
effect. This effect usually is understood in re- 
lation to sound, like a police siren changing 
tones as it comes closer or moves farther away 
from the listener, as sound waves are com- 
pressed or elongated. It can also be applied to 
light, and the compressions and elongations 
are evident in light’s spectrum. Hubble noted 
that radial velocities increased with distance, 
and he calculated a ratio establishing the pro- 
portionality of radial velocity to distance. 
Hubble and his colleague Milton L. Humason 
(1891-1972) examined spectra from the most 
distant observable stars, using a fast lens to 
take photographs of faint spectra. Through this 
work, Hubble showed (in what became 
known as Hubble’s Law) that the previously 
stated proportionality of radial velocity to dis- 
tance could be extended to bodies at a distance 
of more than 100 light-years. 

Spectral lines indicating radial velocity 


were displaced, or “shifted,” always toward 
the red end of the spectrum (as opposed to 
the violet end). Distant stars had a greater 
“red shift” than the closer stars, indicating 
greater radial velocity. The conclusion was 
staggering for cosmologists, who knew that 
red shifts indicated objects moving away 
from each other, whereas violet shifts (if they 
existed) would indicate objects moving 
closer. Because only red shifts were ob- 
served, all galaxies must be moving away 
from each other. The most distant galaxies 
are moving the fastest. The unavoidable con- 
clusion, that the universe must be expanding, 
stimulated renewed interest in cosmological 
theories and cast doubt on ones that per- 
ceived the universe as stable and unchanging. 

Theoretical cosmology had already been a 
contested field for years. After Einstein pub- 
lished his general theory of relativity in 1915, 
cosmology had a new paradigm with which 
to develop theory. Relativistic cosmology 
equated gravity with acceleration, making the 
universe an unstable place, and light itself was 
subject to being bent. Still, for the next fifteen 
years or so, cosmologists assumed that the uni- 
verse was static. Two rival cosmologies vied 
for influence: Einstein proposed a closed (fi- 
nite) universe, whereas Dutch physicist 
Willem De Sitter (1872—1934) proposed an 
infinite one. They argued over the importance 
of gravitational attraction and how to calculate 
the average density in infinite universes. De 
Sitter’s cosmology made the counterintuitive 
claim that the universe was devoid of matter 
because its average density had to be zero; Ein- 
stein’s finite universe solved this problem but 
could not account satisfactorily for expected 
gravitational relationships. To resolve the 
issue, he introduced a “cosmological con- 
stant,” an arbitrary mathematical fix that he 
later regarded as a monumental mistake. In 
1922, a Russian mathematician, Alexander 
Friedmann (1888—1925), suggested that the 
outstanding discrepancies between De Sitter’s 
and Einstein’s views could be addressed if one 
accepted an infinite universe whose properties 
changed in relation to time. In other words, if 
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the universe’s theoretical difficulties might be 
solved by a non-static model. 

The first persuasive non-static model was 
proposed by a Belgian Jesuit, Georges 
Lemaitre (1894—1966), who connected his 
cosmology very explicitly to time. He sug- 
gested that the universe might have had a be- 
ginning—a violent explosion that led to an 
unstable, expanding universe. The present 
universe was simply the remnant of past fire- 
works. Later derided by physicist Fred Hoyle 
(1915—2001) as the “big bang idea,” 
Lemaitre’s concept became the dominant 
view of cosmology in the twentieth century. 
The work of Hubble and others, showing ob- 
servational evidence of an expanding uni- 
verse, seemed to affirm the ideas of both 
Friedmann and Lemaitre. The theory re- 
ceived a boost in the late 1940s when George 
Gamow (1904—1968) and Ralph Alpher 
(1921—) calculated that, from an initial soup 
of subatomic particles and radiation, a mas- 
sive explosion could create the light elements 
in the first moments of the universe. The the- 
ory gained further orthodoxy beyond the sci- 
entific community when Pope Pius XII 
(1876—1958) noted in 1951 that the Big Bang 
was essentially harmonious with Christianity. 

The Big Bang theory retained its ortho- 
doxy, but it had many outspoken critics. In 
the late 1940s, Hoyle and his colleagues Her- 
mann Bondi (1919—) and Thomas Gold 
(1920-) issued a challenge to the Big Bang 
with their “Steady State” theory. It was also a 
non-static model, but proposed not one cre- 
ation but many, in a continuous (steady) state 
of spontaneous creation of matter throughout 
the universe. Hoyle attacked the Big Bang 
theory as nonscientific, with its distant begin- 
nings unobservable and thus not testable. The 
Big Bang as explained by Gamow and Alpher 
had other problems as well: inability to ex- 
plain the formation both of galaxies and of 
the heavier elements. Later, in the 1960s, the 
discovery of cosmic background radiation, 
predicted by Alpher and others as the after- 
effects of the Big Bang, established renewed 
consensus about the theory. 
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Crime Detection 

Just as science entails a great deal of problem 
solving, the tools of science proved useful to 
law enforcement agencies in the first half of 
the century to detect numerous crimes, in- 
cluding espionage. The most celebrated ap- 
plication of scientific methods to crime de- 
tection was the use of fingerprinting. Because 
human beings tend to have distinctive finger- 
prints, matching prints from a crime scene to 
the suspects of a crime was a successful 
means of identifying and prosecuting alleged 
criminals. The famed eugenicist Francis Gal- 
ton (1822—1911) proposed in the 1890s that 
fingerprints could be used for identification; 
although Galton was interested in using them 
to study racial composition, he observed that 
fingerprints do not change over one’s life- 
time and that each person’s were unique. 
Thus, they could be useful for identification. 


In 1901, fingerprinting techniques were 
adopted in England and Wales, using a classi- 
fication system devised by Edward Richard 
Henry (1850—1931). The next year, finger- 
printing was used systematically for the first 
time in New York. Its prison system was 
among the first to subject all of its convicts to 
fingerprinting. Within a few years, the U.S. 
military services used fingerprints as a means 
for personal identification, and over the next 
several decades, fingerprinting became a 
standard procedure in law enforcement. 
Science was also useful in understanding 
the nature of crimes. Particularly in urban 
areas where the identity of victim and culprit 
could be equally anonymous, forensic pathol- 
ogy (the scientific study of the cause of death) 
was useful in solving crimes by letting corpses 
speak for themselves. For example, the police 
could call in a forensic pathologist to provide 
evidence based on expertise: cause of death 
and the physical specifics such as angle of 
entry of the murder weapon. Perhaps surpris- 
ingly, scientific evidence of this kind entered 
the law enforcement community very slowly. 
The political power of coroners, who were 
seldom required to have any special training, 
began to erode in favor of forensic evidence 
during the first couple of decades of the twen- 
tieth century. To a large degree, this was be- 
cause of the efforts of progressive-minded re- 
formers who saw coroners as symbols of the 
corruption of municipal bureaucracies. New 
York City, for example, abolished the coro- 
ner’s office in 1915, in the wake of a corrup- 
tion scandal involving the mayor; it was re- 
placed by a medical examination system and 
was praised widely as the beginning of a new 
progressive era in the city. When a series of 
murders were mishandled in the 1920s by the 
coroner’s office in Essex County, New Jer- 
sey, the county copied New York’s system. In 
other cities and counties, coroners’ lack of 
competence to judge whether a death was a 
result of bludgeoning, suicide, or disease 
gradually gave way to increasing emphasis on 


forensic pathology. 
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A forensic scientist analyzes the clothing of Nancy Titterton who was strangled with a garment she was wearing (1936). 


(Hulton- Deutsch Collection / Corbis) 


In addition to the new emphasis on scien- 
tific methods, the decline of the one-man 
expert began to occur in the 1930s. At Glas- 
gow University, in Scotland, forensic medi- 
cine had been used to solve crimes since the 
mid-nineteenth century, and individuals 
were trained to analyze blood, fingerprints, 
and body fibers, and to understand the na- 
ture of disease, psychology, and even ballis- 
tics. During the widely publicized case of 
Buck Ruxton, who killed his wife and maid, 
chopped up the body parts, and deposited 
them in different parts of Scotland, a group 
led by Glasgow professor John Glaister 
(1892—1971) used forensic methods to in- 
criminate Ruxton (1899—1936). The variety 
of methods, from blood samples to X-ray 
techniques, helped to promote the use of 


multidisciplinary forensic teams rather than 
single individuals. 

The physical and chemical sciences helped 
to determine the properties of materials used 
in crimes. In 1939, the Federal Bureau of In- 
vestigation (FBI) in the United States re- 
ceived a directive from the president to coor- 
dinate activities against espionage and 
subversive activities, thus widening the scope 
of investigation to include a host of cases in 
which crimes were secret or had not yet been 
committed. This resulted in an extraordinary 
volume of information that consistently 
poured into the FBI from various sources. 

Among the ways to incorporate twentieth- 
century scientific discoveries in physics was 
the use of X-rays to examine materials, 
particularly in cases of industrial fraud in 
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which evidence of faulty craftsmanship was 
necessary. Even more useful than X-ray 
recorders were spectrographs. The spectro- 
graph recorded the distinctive dark bands ev- 
ident in the spectra of light from incandes- 
cent objects; the bands differed according to 
chemical composition of the source of light. 
This instrument, which had proved useful to 
astronomers by helping them to understand 
the composition of stars, also became a fa- 
vored tool for analyzing the evidence in 
crime investigations. Any piece of evidence 
could be burned, in whole or in part, to de- 
termine its chemical composition. 

In 1942, the FBI captured eight German 
agents when they landed on the shores of 
Long Island. The tools they found on the cul- 
prits helped the FBI to shape its own methods 
of crime detection. It discovered, for exam- 
ple, that the spies carried boxes of matches 
tipped with quinine; such matches could be 
used for writing in invisible ink. The wide- 
spread use of such practices in espionage cases 
led the FBI to develop the means of detecting 
“invisible” ink through the use of ultraviolet 
light. The FBI also used infrared light to de- 
tect forged documents; the spectrophotome- 
ter used such light to discern chemical and 
physical properties of various materials. 

Metallurgical techniques to determine 
composition of metals and the possible pres- 
ence of cracks and other breakage were useful 
in uncovering evidence of sabotage. The FBI 
made extensive use of petrographers (petrog- 
raphy deals with the classification of rocks), 
whose expertise in abrasives, minerals, and 
soils facilitated comparisons of materials. 
Grease and oil in a crime scene or a piece of 
evidence could be analyzed in a laboratory and 
the origins more readily determined. Finding 
abrasives in oil often was a sure sign of indus- 
trial sabotage. By the end of World War II, the 
FBI laboratory conducted thousands of such 
investigations looking into the possibility of 
sabotage; according to FBI director John Edgar 
Hoover (1895-1972), the use of these new 
methods led to the discovery of nearly 2,000 
genuine cases of sabotage during the war. 


See also Espionage; X-rays 
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Curie, Marie 
(b. Warsaw, Poland, 1867; d. Sancellemoz, 
France, 1934) 

As a national hero, Marie Curie is rivaled 
in Poland only by Copernicus, who put the 
sun at the center of the universe in the six- 
teenth century. Born Marie Sklodowska in 
Warsaw, Poland, Marie Curie has become a 
symbol of both French and Polish science (al- 
though her scientific life was confined to 
France). She also became a symbol and inspi- 
ration for women in science, as proof that 
women were capable of making significant 
contributions to knowledge. She moved to 
France in 1886, worked as a governess, then 
returned to Poland. When she returned in 
the early 1890s, she studied physics and 
mathematics and met Pierre Curie 
(1859-1906). They married in 1895. Their 
relationship was both romantic and scientific, 
and together they revolutionized science. 

Curie’s scientific life coincided with the 
discovery of X-rays by Wilhelm Röntgen 
(1845—1923) and the discovery of radioactiv- 
ity by Henri Becquerel (1852—1908). In 
1896, when the Curies took up the subject, 
the two seemed interrelated. Becquerel had 
determined that uranium salts emitted some 
kind of ray without needing to be exposed to 
sunlight beforehand. Although Becquerel 
suspected that the rays were due to some 
long-lived residual effect of previous expo- 
sure to the sun (i.e., the rays were due to 


phosphorescence, not something within the 
material itself), he had in fact discovered a 
new property in some minerals. Marie Curie 
sought to discover if there were other ele- 
ments, in addition to uranium, capable of 
emitting these mysterious rays. 

Curie herself coined the term radioactive to 
describe the existence of rays coming from 
the elements she was trying to isolate and 
identify. She noted that pitchblende, the ore 
containing uranium, was more radioactive 
than pure uranium. This led her to believe 
that another highly radioactive element was 
present. The process of chemically treating 
pitchblende was laborious and time consum- 
ing, but necessary to identify any new ele- 
ment that pitchblende might contain. Pierre 
Curie set aside his own research to join her 
quest, and in 1898 the two of them an- 
nounced that they had identified a previously 
unknown element. They called it polonium, 
after Marie’s homeland. A few months later, 
they announced yet another new element, 
which they called radium. They soon were 
assisted in their work by André Debierne 
(1874-1949), who discovered actinium. 
Marie Curie’s obsession became radium, and 
in 1902 she isolated a decigram of pure ra- 
dium and determined its atomic weight as 
225 (now accepted as 226). 

The work of Marie and Pierre Curie was 
recognized as fundamental throughout the 
scientific community. Marie won national 
prizes such as the Berthelot Medal and the 
Gegner Prize. The French scientific commu- 
nity was unaccustomed to honoring women, 
and it continued to treat Marie Curie accord- 
ing to the customs of the time. For example, 
Marie Curie found out she had won the Geg- 
ner Prize when the Academy of Sciences 
wrote not to her but to Pierre, “with respect- 
ful compliments to your wife.” International 
acclaim came when the Curies were awarded 
the Humphrey Davy Medal by England’s 
Royal Society and, more importantly, when 
they shared with Henri Becquerel the 1903 
Nobel Prize in Physics. Her research led her 
to accept and help demonstrate the theory, 
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Marie Curie (1867-1934), the Polish-born French physicist 
and winner of the Nobel Prize in Physics (1903) and 
Chemistry (1910), at work in her laboratory. (Hulton- 
Deutsch Collection / Corbis) 


proposed by Frederick Soddy (1877—1956) 
and Ernest Rutherford (1871—1937), that ra- 
dioactive elements decayed and transmuted 
into other elements. She became not only the 
leading radiochemist in France but also an in- 
ternational scientific celebrity. When Pierre 
died in 1906, Marie succeeded his chair in 
physics, thus becoming the first woman to 
teach at the Sorbonne. 

Curie’s fortunes in the scientific commu- 
nity were not always so pleasant. After suf- 
fering the tragedy of Pierre’s death, she 
began an affair with another scientist, Paul 
Langevin (1872—1946). Because Langevin 
was married, Marie Curie became the object 
of a newspaper campaign to impugn her 
name and reputation. Revolted by such in- 
trusions into her private life, many eminent 
scientists came to her defense, including Al- 
bert Einstein (1879—1955), who urged her to 
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“simply stop reading that drivel.” The French 
public and some French scientists, however, 
treated her with scorn, especially when 
Langevin’s wife published letters that Curie 
and Langevin had written to each other. The 
scandal dredged up hostility toward Curie 
that might have had other origins: She was a 
“foreigner” destroying a French family, and 
she had the audacity to challenge time-hon- 
ored traditions by seeking to be the first 
woman admitted to the French Academy of 
Sciences (the request was denied). 

Despite the scandal, Marie Curie became 
not only the first woman, but the first per- 
son, to receive two Nobel Prizes in science. 
She already had won the 1903 prize in 
physics, which she shared with her husband, 
Pierre, and Henri Becquerel. But her work 
also had provided new foundations for chem- 
istry. Thus the 1911 prize in chemistry, 
awarded for the discovery of radium and 
polonium, as well as her subsequent isolation 
and studies of radium, was Marie Curie’s 
alone. Yet the scandal that rocked France also 
prompted Swedish Nobel laureate Svante Ar- 
rhenius (1859-1927) to notify her that, had 
the Swedish Academy of Sciences known the 
truth about her affair with Langevin, it would 
never have awarded her the prize. He even 
urged her not to come to the award cere- 
mony in Stockholm. But Curie insisted that 
the prize was based on scientific accomplish- 
ments, not on her private life, and she re- 
fused to take Arrhenius’s advice. 

In subsequent years Curie’s prestige re- 
gained itself and she continued to work with 
radioactive materials and X-rays. Curie 
helped to equip army medical teams with X- 
ray apparatuses and created courses on med- 
ical radiology during World War I. An 
organization of admiring U.S. women pre- 
sented her with an expensive gift: a gram of 
radium to be used for research purposes. 
She traveled to the United States in 1921 to 
receive the radium directly from President 
Warren G. Harding (1865-1923). Marie 
Curie had achieved a stature unprecedented 
in either France or the United States. But 


what kind of impact did Marie Curie have 
for women in science? Certainly, most 
cheered her accomplishments. Some her- 
alded her as evidence that women could and 
should enter into science, a profession dom- 
inated by men. Others have argued that 
Curie’s genius had the opposite effect: A 
woman had to be a “Madame Curie” to con- 
sider a career in science. 

The many years of research on radium car- 
ried a heavy price. The 1920s saw an in- 
creased awareness of the dangers of radioac- 
tivity, symbolized by the deaths of several 
women in New Jersey who had been exposed 
while painting the dials of watches with lumi- 
nescent radium paint. For Marie Curie, ex- 
tended physical contact with the dangerous 
substance produced lesions on her fingers and 
other health problems. Even an enthusiastic 
handshake could put her arm in a sling. She 
lived long enough to see her daughter and 
son-in-law, Irène Joliot-Curie (1897—1956) 
and Frédéric Joliot (1900—1958), create an 
artificially radioactive isotope in a laboratory. 
This work earned them the Nobel Prize in 
Chemistry in 1935, awarded the year after 
Marie Curie died. 


See also Becquerel, Henri; Cancer; Joliot, 
Frédéric, and Irène Joliot-Curie; Nobel Prize; 
Physics; Radioactivity; Rutherford, Ernest; 
Uranium; Women; X-rays 
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Cybernetics 

Cybernetics is the comparative study of infor- 
mation processes in machines controlled by 
mechanical or electronics means and animal 
nervous systems. The term cybernetics comes 
from the Greek word kybernétés, meaning 
“pilot” or “steersman.” It is the same root as 


the word governor, which helps to explain the 
purpose of cybernetics: understanding the 
control of complex systems. Although the 
term had already been used in the nineteenth 
century by André Ampère to describe politi- 
cal science, and James Clerk Maxwell 
(1831—1879) had discussed governors in rela- 
tion to thermal systems, cybernetics as a new 
field of study was born during World War II. 

U.S. mathematician Norbert Wiener 
(1894—1964) and his colleagues Julian 
Bigelow (1913—2003) and Arturo Rosen- 
blueth (1900—1970) published the first paper 
on cybernetics in 1943. The inspiration was 
Wiener and Bigelow’s war work on guided 
missile technology, which necessitated study- 
ing the real-time assessment of wind direc- 
tion, altitude, and target trajectory to help 
determine firing times. The complexity of 
this war work did not lend itself readily to 
practical application, but it did lead them to 
consider the actions of communication and 
feedback of data in increasingly complex ma- 
chines. In their paper, published in the journal 
Philosophy of Science, they made the bold claim 
that men and machines behave in parallel, de- 
spite drastic differences in their composition. 

The new field of cybernetics, based on the 
notion of parallelism between humans and 
machines as complex information-processing 
systems, was interdisciplinary. Beginning in 
1946, leading figures in science, mathemat- 
ics, psychology, and anthropology began to 
meet in a series of conferences sponsored by 
the Macy Foundation. The first meeting de- 
scribed its subject under the title, “Feedback 
Mechanisms and Circular Causal Systems in 
Biology and Social Sciences.” But soon it 
adopted Wiener’s term, cybernetics. The 
field’s early major figures were Wiener, 
Claude Shannon (1916—), and Warren 
Weaver (1894—1978). 

Norbert Wiener published the technical 
book Cybernetics in 1948, and he followed it 
in 1950 with his more popularly written The 
Human Use of Human Beings. In these works, 
Wiener classed communication and control 
together. If a person communicates with an- 
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other, he is sending a message. The response 
is a unit of information somewhat related to 
the initial message. In control, the only dif- 
ference is that the initial message is a com- 
mand; otherwise, control and information 
transmission are similar in that they can be 
studied through feedback. Wiener wrote that 
society could only be studied through such 
message processes; further, the involvement 
of machines in that process would only in- 
crease with time, as humans developed more 
sophisticated ones capable of more complex 
messaging systems. Thus cybernetics should 
play a major role in facilitating that process. 

Because of the connection to social sci- 
ences, cyberneticists claimed that they were 
creating a new universal science, not just an- 
other field of inquiry. But Wiener also made 
strong connections to physics, particularly the 
law that entropy tends toward a maximum. 
Similarly, information becomes disorganized 
or distorted as it passes from source to recipi- 
ent, never fully retaining the wholeness of its 
initial meaning. The purpose of cybernetics, 
then, was to develop language to enable 
greater control and, more broadly, to study 
information processes. “In control and com- 
munication,” Wiener argued, “we are always 
fighting nature’s tendency to degrade the or- 
ganized and to destroy the meaningful.” Com- 
munication and feedback of information were 
the fundamental elements of cybernetics. 
Wiener drew out some of the social implica- 
tions of this by noting: “To live effectively is to 
live with adequate information. Thus, com- 
munication and control belong to the essence 
of man’s inner life, even as they belong to his 
life in society” (Wiener 1988, 17). 

The reception of cybernetics was mixed. 
Scientists in the Soviet Union were hostile to 
it, dubbing it a “reactionary pseudoscience” 
that reflected the values of the capitalist 
world, namely, “its inhumanity, striving to 
transform workers into an extension of the 
machine.” (Bowker 1993, 111). Others found 
it quite appealing, as in the case of French 
physicist Pierre Auger (1899-1993), who 
noted that humankind was moving from a 
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world of material and energy to a world of 
forms. Conflating humans with machines 
stirred up fantasies of a world run by ma- 
chines, an idea that has inspired countless sci- 
ence fiction stories. The New York Times even 
editorialized in 1948 that man’s only role in 
the future would be to try to prevent his own 
destruction at the hands of machines. In the 
1950s and 1960s, cybernetics enthusiasts 
would find themselves at the center of con- 
troversy, as Wiener himself confronted the 
religious implications of equating humans 
with machines in his book, God and Golem, Inc. 


See also Computers; Mathematics; Religion; 
Science Fiction; World War II 
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Cyclotron 

The cyclotron, developed in the early 1930s 
by Ernest Orlando Lawrence (1901—1958) 
and his colleagues, provided a powerful tool 
for physics and revolutionized laboratory life 
in the United States. Its purpose was particle 
acceleration, as scientists sought particles of 
increasingly higher energies to facilitate nu- 
clear experiments. The importance of the cy- 
clotron was recognized immediately by the 
widespread construction of them in the 
United States and elsewhere. Lawrence won 
the Nobel Prize in Physics in 1939, one of the 
few times that prize has been awarded prima- 
rily because of an invention rather than a sci- 
entific discovery. 

Early particle accelerators were developed 
in England, at Cambridge University’s 
Cavendish Laboratory. In 1930, John Cock- 
croft (1897-1967) and Ernest Walton 
(1903-1995) created a device to impart en- 
ergy to protons by passing them through a 


vacuum tube attached to a voltage multiplier. 


In 1932, they announced the first nuclear 
transformation by means of an accelerated 
particle, revealing a major avenue of research 
in which physicists could exploit particle ac- 
celeration. In 1931, chemist Harold Urey 
(1893-1981) and his colleagues at Columbia 
University isolated and identified the heavy 
isotope of hydrogen and dubbed it deu- 
terium; they soon realized that it would make 
an excellent projectile to facilitate nuclear re- 
actions if accelerated. The deuteron (so the 
nucleus of deuterium was called) was poised 
to provide the ammunition for even more ef- 
fective particle accelerators. 

The new particle accelerators were devel- 
oped in the United States. In 1931, for ex- 
ample, Robert Van de Graaf (1901—1967) 
constructed one with a maximum voltage of 
1.5 million volts, and the same year Ernest 
Lawrence created a linear accelerator of 
slightly less voltage. Lawrence, a physicist at 
the University of California—Berkeley since 
1928, soon devised a method to build a much 
more powerful accelerator. His experimental 
accelerator used magnetic fields to force par- 
ticles to spiral with an increasing radius as 
they achieved higher speeds. Although the 
first version, built in 1932, accelerated pro- 
tons to a mere 1.2 million volts of energy, 
Lawrence and his colleague M. Stanley Liv- 
ingston (1905—1986) predicted new models 
pushing protons to 10 million volts and be- 
yond. Their hopes were soon confirmed, and 
the laboratory slang term cyclotron came into 
official usage by 1936. Livingston built his 
own cyclotron at Cornell University, and the 
cyclotrons began to proliferate throughout 
the United States. By the late 1930s, scien- 
tists in Japan and Europe had begun to build 
them, modeled on Lawrence’s successes. 

Cyclotrons accelerated charged particles to 
high energies, making them useful for re- 
search experiments. Studies in nuclear physics 
often involved bombarding atomic nuclei 
with particles in the hope of producing an ob- 
servable effect, such as the ejection of a parti- 
cle from the nucleus. Acceleration seemed 
necessary because of the repulsion of the nu- 
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Ernest Orlando Lawrence (1901—1958), the American physicist with the cyclotron he designed, for which he was awarded 
the 1939 Nobel Prize. (Hulton-Deutsch Collection / Corbis) 


cleus; protons, if accelerated sufficiently, 
could overcome such repulsion and collide 
with the nucleus. The 1932 discovery of the 
neutron, an uncharged particle, provided a 
means to conduct such experiments without 
worrying about repulsion. But cyclotrons 
nonetheless promised a future of research in 
high-energy physics. In addition, the cy- 
clotron served the needs of researchers in the 
United States and abroad by providing them 
with a source of radioisotopes, artificially ra- 
dioactive isotopes of elements not typically 
associated with radiation. Because radioactiv- 
ity was readily detectable, radioisotopes 
could be used as “tracers,” helpful in under- 
standing a variety of natural processes from 
human physiology to ecosystem dynamics. 


Ironically, chemists (not physicists) reaped 
the most noteworthy rewards of the cy- 
clotron initially. Biochemist Martin Kamen 
(1913—2002) oversaw the production of ra- 
dioisotopes in Lawrence’s laboratory in the 
late 1930s. His experiments led to the iden- 
tification and separation, with colleague Sam 
Ruben, of the long-lived radioisotope carbon 
14. Also, Glenn T. Seaborg (1912—1999) 
used the cyclotron profitably through chemi- 
cal research and discovered man-made 
transuranic elements (elements of higher 
atomic number than uranium, such as pluto- 
nium). Part of the reason for the lack of sci- 
entific breakthroughs in physics, in a time 
when such breakthroughs were common- 
place in other laboratories, was that 
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Lawrence devoted most of his energies to ex- 
panding his laboratory and designing cy- 
clotrons of ever-increasing power. Especially 
embarrassing was the 1934 discovery of arti- 
ficial radioactivity (by the Joliot-Curies) 
using instruments far less sophisticated than 
the cyclotrons at Berkeley. 

Cyclotron research has become nearly 
synonymous among historians with the term 
Big Science. In his Radiation Laboratory (or 
Rad Lab) at the University of California, 
Lawrence pursued bigger accelerators 
throughout the 1930s and managed, even in 
the lean years of the Great Depression, to 
find a great deal of money for research. For 
example, by advertising the benefits of the 
cyclotron for medical research, he acquired 
funds from the Rockefeller Foundation. The 
U.S. government provided funding as well, 
sending scientists, electricians, and other la- 
borers to Lawrence’s Rad Lab under the aus- 
pices of New Deal agencies such as the 
Works Progress Administration. So many 
scientists and technical experts worked at the 
Rad Lab that the cyclotron appeared to spell 
the end of science’s heroic age of individual- 
ism and to herald in the days of team re- 
search. The scope of research was interdisci- 
plinary, including not only physics and 
chemistry, but also engineering, biology, and 
medicine. During World War I, the cy- 
clotron was harnessed to help build the first 
atomic bomb. By 1944, Lawrence’s staff rose 
to some 1,400 people, and his instruments 
were converted for use in developing meth- 
ods of electromagnetic separation of iso- 
topes, a crucial step in providing the fission- 
able materials for the bomb. 


The cyclotron’s role in creating radioiso- 
topes decreased after World War II, because 
nuclear reactors provided more of these than 
anyone could use. But experimental research 
with the cyclotrons themselves continued. 
Already the cyclotrons had made an enor- 
mous contribution not only to science but 
also to the geographic base of research. The 
United States became the center of world 
physics after the war for numerous reasons, 
and the cyclotron was one of them. Its early 
development there, along with the wave of 
immigrant scientists fleeing Europe during 
the 1930s, helped to create a strong nuclear 
physics community in the United States be- 
fore World War II. 


See also Artificial Elements; Atomic Bomb; 
Lawrence, Ernest; Manhattan Project; Physics 
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Davisson, Clinton 
(b. Bloomington, Illinois, 1881; d. 
Charlottesville, Virginia, 1958) 

Clinton Davisson is best known for pro- 
viding experimental evidence, through 
electron diffraction, for wave mechanics. 
After taking a Ph.D. in physics from Prince- 
ton University in 1911, he joined the 
Carnegie Institute of Technology. But in 
1917, during World War I, he left to join 
the Western Electric Company Laborato- 
ries (later Bell Telephone Laboratories) on 
a military communications project. After 
the war, he decided to stay on rather than 
return to teaching duties at Carnegie. Al- 
though working in a commercial labora- 
tory, Davisson enjoyed the freedom to pur- 
sue his own research interests. One of these 
was the emission of electrons from metals 
from electron bombardment. He and C. H. 
Kunsman found in 1919 that some of the 
secondary electrons had the same energy as 
the primary electrons; they measured en- 
ergy and angles of bombardment but found 
no theoretical explanation. 

Davisson and Lester H. Germer (1896— 
1971) continued these investigations and, 
after a particularly fortuitous accident in 
1925 that required their equipment to be 
cleaned by heating, found that the results 
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were entirely different after the extreme 
heat had recrystallized the metal target. 
Now the target consisted of a few large crys- 
tals rather than many tiny ones; observing 
the electrons striking the large crystals 
showed a strong dependence on the crystal’s 
direction. In 1927, Davisson showed that the 
nickel diffracted the electrons in exactly the 
kind of way that theoretical physicists, no- 
tably Louis De Broglie (1892—1987) and 
Erwin Schrédinger (1887—1961), had postu- 
lated. These physicists had argued that, de- 
spite the work on quantum mechanics, 
which seemed to emphasize light’s particu- 
late nature, light still behaved like a wave. 
Wave mechanics appeared vindicated by 
Davisson’s work. Independently, George 
Paget Thomson (1892—1975) arrived at the 
same results in England. The two later 
shared the 1937 Nobel Prize in physics. 
Davisson’s experience reveals a great deal 
about patronage for science in the United 
States. The 1920s saw increased interest by 
large corporations, such as General Electric 
and the American Telephone and Telegraph 
Company (AT&T), in paying for research in 
science and technology. Davisson’s research 
was related to the development and manufac- 
ture of vacuum tubes by AT&T. In 1925, 
AT&T transformed its industrial research 
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Clinton Davisson, co-recipient of the 1937 Nobel Prize in Physics, in his laboratory. (Bettmann/ Corbis) 


department into the Bell Telephone Labora- 
tories. It was at Bell that Davisson conducted 
his research on the emission of electrons 
from metals. When Davisson’s work pro- 
vided observational evidence for wave me- 
chanics, the results were twofold. On one 
hand, it was a prestige plum for Bell Labs; 
but on the other hand, it suggested that these 
industrial laboratories were allowing their 
scientists too much freedom to pursue arcane 
academic problems. What did wave mechan- 
ics have to do with making telephones? Bell 
Labs was quick to point out that few scien- 
tists enjoyed that kind of liberty. Some also 
complained that researchers like Davisson 
were not the kind of scientist that corpora- 
tions ought to employ. Davisson’s discovery 


drew attention to the fact that, although in- 
dustry was becoming a patron for science, it 
would be an unlikely place to find long-term 
acquiescence of academic values, such as the 
freedom to pursue ideas without thinking of 
economic consequences. 


See also Industry; Patronage; Physics; Quantum 
Mechanics 
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Debye, Peter 
(b. Maastricht, Netherlands, 1884; d. 
Ithaca, New York, 1966) 

The Dutch chemical physicist Peter Debye 
had diverse interests, contributing to a num- 
ber of different scientific questions. He had 
an equally diverse career, moving from one 
university to the next and working in the 
Netherlands, Germany, Switzerland, and fi- 
nally the United States. Debye studied with 
mathematical physicist Arnold Sommerfeld 
(1868—1951) in Aachen before following his 
mentor in 1906 to the University of Munich. 
He received his Ph.D. in 1908, and in 1911 
he briefly assumed a post, recently vacated by 
Albert Einstein (1879—1955), as professor of 
theoretical physics at the University of 
Zurich. Years of wanderlust followed, with 
jobs in three different countries. Yet these 
years, up to and including World War I, saw 
some of Debye’s most productive work. 

Debye’s abiding interest was in mole- 
cules. One lasting contribution was his 
method for investigating molecular structure 
using electric fields. Scientists such as Debye 
expected that the properties of electric 
charges held the key to the structure of mol- 
ecules. This motivated him, in 1912, to 
study the behavior of molecules when sub- 
jected to an electric field. He began to see 
problems with the conventional way of 
viewing the dielectric constant of a substance 
(a measure of its ability to resist the forma- 
tion of an electric field). This constant was 
supposed to decrease very slowly with rising 
temperature. But Debye noted that some 
substances showed a much more rapid de- 
crease, and polarization occurred faster than 
expected. The existing formula had to be re- 
vised. He conjectured that molecules of 
some substances had permanent dipole mo- 
ments that contributed to the overall polar- 
ization in the presence of an external field. 
His concept accomplished two things. Debye 
created a revised equation for dielectric con- 
stant, and he demonstrated the existence of 
permanent electric dipole in some mole- 
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cules, along with a means to determine its 
moment (its tendency to rotate around an 
axis). Debye had devised an effective 
method to analyze the structure of mole- 
cules. The unit of measurement for dipole 
moment is called the debye. 

In 1912, Max Von Laue (1879—1960) and 
the Braggs—father and son, William Henry 
Bragg (1862—1942) and William Lawrence 
Bragg (1890—1971)—had demonstrated 
that X-rays were diffracted by crystals, and 
that diffraction patterns revealed a great 
deal about the arrangement of atoms in the 





crystals. This work opened up a new field of 
inquiry using X-ray spectra as a means to 
study the structures of molecules. In the 
years following the initial discovery of X-ray 
diffraction, Debye published a series of pa- 
pers in this new field. The most influential 
of these was published with Paul Scherrer 
(1890—1969) on X-ray interference patterns 
of randomly oriented particles. They took 
photographs of X-ray spectra diffracted 
through a powder sample of lithium fluo- 
ride. Since this happened to be a substance 
with very good diffracting properties, they 
really had a stroke of luck. They found that 
even fine powders could be analyzed 
through X-ray diffraction, with no need for 
large crystals. 

Debye’s work in the 1920s continued to 
be of fundamental value. One of these was 
the 1923 Debye-Hückel theory of elec- 
trolytes, which improved upon Svante Ar- 
rhenius’s (1859—1927) theory of electrolytic 
dissociation and replaced it with one that 
took into account thermodynamic relation- 
ships. He worked in Germany in the 1930s, 
first at the University of Leipzig and then at 
the University of Berlin. His fame attracted 
some of the best young physical chemists to 
his laboratories. In 1936, his work on molec- 
ular structure was recognized by the award of 
the Nobel Prize in Chemistry. A few years 
later, his celebrity status seemed to have 
been cemented: His native city constructed a 
bust of him in its town hall. 
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Dutch chemical physicist Peter Debye lecturing in a classroom. One of Debye's lasting contributions was his method for 


investigating molecular structure using electric fields. (Division of Rare and Manuscript Collection, Carl A. Kroch Library, 


Cornell University) 


Like many scientists of his time, Debye’s 
career was transformed by Nazism in Ger- 
many. During this Nazi period, he retained 
his Dutch citizenship. But when the war 
began, German officials demanded he be- 
come a German citizen. Debye refused, 
more out of distaste for the Nazis than loy- 
alty to the Netherlands. He moved to the 
United States and took a position at Cornell 
University in 1940. He became a citizen in 
1946. Debye was among the most respected 
scientists of his time. In addition to his Nobel 
Prize, he was elected to more than twenty 
academies of science throughout the world 
and held eighteen honorary degrees. He con- 


tinued to produce work of the highest order 
at Cornell, such as his research on light scat- 
tering, but his wanderlust years had ended. 


See also Physics; X-rays 

References 

Debye, Peter J. W. The Collected Papers of Peter J. 
W. Debye. Woodbridge, CT: Ox Bow Press, 
1988. 

Ewald, P. P., ed. Fifty Years of X-Ray Diffraction. 
Utrecht: International Union of 
Crystallography, 1962. 

Smyth, Charles P. “Debye, Peter Joseph 
William.” In Charles Coulston Gillispie, ed., 
Dictionary of Scientific Biography, vol. Ill. New 
York: Charles Scribner’s Sons, 1971, 
617-621. 


Determinism 

Determinism is a term that refers to the belief 
that physical relationships have precise, 
knowable, and predictable relationships. The 
mechanical world picture established by Isaac 
Newton (1642—1727) and others in the sev- 
enteenth and eighteenth centuries, which de- 
scribes the world as if it were a machine 
obeying mathematical laws, is the foundation 
of deterministic thinking. Determinism was a 
powerful tool for scientists who believed that 
the project of science was to unveil the mys- 
teries of nature, to provide an increasingly 
accurate and predictable understanding of it. 
Thus determinism was an important aspect of 
scientists’ philosophy about the world. In the 
twentieth century, many fields of scientific 
inquiry saw determinism challenged, raising 
important scientific and epistemological 
questions (regarding the nature of knowledge 
itself). 

One of the attacks on determinism origi- 
nated in the nineteenth century, when 
Charles Darwin (1809—1882) published his 
theory of evolution, by means of natural se- 
lection. Unlike other evolutionary views, 
such as Lamarckian evolution, natural selec- 
tion was based on competition among species 
whose traits had developed randomly. 
Lamarckian evolution, by contrast, proposed 
that species develop through the use or disuse 
of their parts, and that changes made in the 
course of a species’ life could be inherited. 
This gave power to the organism itself, and it 
had attractive philosophical implications. 
Perhaps man could improve himself based on 
his self-knowledge and his will to change. 
Darwinian evolution denied this and left any 
change in species to chance. This view was 
opposed in many quarters in the first decades 
of the twentieth century, but nowhere more 
vehemently than in the Soviet Union, where 
many biologists spoke out against Darwinian 
natural selection. Although plant breeder 
Trofim Lysenko (1898—1976) was notorious 
for his hostility toward genetics, one of his 
most virulent criticisms was directed at natu- 
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ral selection. Science, he announced to a 
gathering of agronomists in 1948, is the 
enemy of chance. Scientists should not be 
confined to waiting for nature to bestow its 
gifts randomly; instead, scientists should be 
active, able to make improvements (such as 
agricultural ones) based on their knowledge 
of causality. Soviet biology was vociferously 
deterministic, disliking the implications of in- 
deterministic natural selection. 

A famous controversy about determinism 
arose in the field of physics, from some of the 
epistemological ramifications of quantum 
mechanics. German theoretical physicist 
Werner Heisenberg (1901—1976), who was 
a leading figure in developing quantum me- 
chanics in the 1920s, in 1927 announced the 
uncertainty principle, which drew out some 
of the disturbing implications of trying to 
unite the notion of the quantum (an indivisi- 
ble packet of energy) with Newtonian me- 
chanics. Relying on the quantum would re- 
quire physicists to abandon their notions of 
causality. Heisenberg noted that, in order to 
predict future conditions, one must first de- 
scribe accurately the initial conditions. His 
uncertainty principle stated that initial condi- 
tions would always be veiled in a certain 
amount of uncertainty. At the quantum scale, 
increased certainty about some variables 
would result in decreased certainty about 
others, making it impossible to understand 
conditions with precision. Although many 
physicists were accustomed to describing the 
future in terms of probabilities, they did not 
believe that one must necessarily conceive of 
the future in this way. The uncertainty prin- 
ciple was inherently indeterministic because 
it denied the possibility of calculating cause 
and effect, because the present itself could 
never be understood precisely. Although 
most physicists accepted this, and indeed 
much of modern technology is built on the 
principles of quantum mechanics, physicist 
Albert Einstein (1879—1955) made a famous 
objection to indeterminacy when he argued 
that God does not play dice. 
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See also Anthropology; Bohr, Niels; Einstein, 
Albert; Evolution; Heisenberg, Werner, 
Philosophy of Science; Physics; Quantum 
Mechanics; Uncertainty Principle 
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DNA 


Material in the living cell’s nucleus, called 
nuclein or nucleic acid, was discovered by 
the 1870s. From this early period, nuclein 
appeared to hold the key to understanding 
the material agent of heredity. In Germany, 
Oscar Hertwig (1849-1922) proposed in 
1885 that these acids played the critical role 
in heredity. Albrecht Kossel (1853—1927) 
demonstrated that there were two kinds of 
nucleic acid, each one composed of four 
bases. His work on proteins and on the chem- 
ical nature of these bases won him the Nobel 
Prize in Physiology or Medicine in 1910. Al- 
though this strong work seemed to locate the 
chemical basis of heredity in nucleic acid, it 
would be nearly half a century before the sci- 
entific community accepted it; 

Although chromosomes were widely re- 
garded as the carriers of genetic characters in 
the early twentieth century, scientists were 
less sure about its constituents. What was the 
fundamental genetic material? By 1930, nu- 
cleic acids faded from possibility, largely 
owing to the work of Russian physician- 
turned-chemist Phoebus A. Levene 
(1869—1940), who moved to the Rockefeller 
Institute for Medical Research in New York 
in 1905. Levene published more than 700 pa- 
pers on nucleic acids and was a major author- 
ity on the subject. In the 1920s, he discov- 
ered the presence of ribose and deoxyribose 


in the nucleic acids, which forms the basis of 
the names ribonucleic acid (RNA) and the 
deoxyribonucleic acid (DNA). Levene for- 
mulated the “tetranucleotide interpretation” 
of the acids, which stated that their four bases 
were always present in equimolar amounts. 
This led him and others to dismiss the notion 
that, although nucleic acid molecules were 
large, they were complex enough to carry 
genetic information. 

In the 1940s, the primacy of DNA found 
advocates in a different field, bacteriology. 
Oswald Avery’s (1877-1955) research on 
bacteria indicated that the transfer of genetic 
material could make bacteria passive, rather 
than active. Avery and his colleagues Colin 
MacLeod (1909-1972) and Maclyn McCarty 
(1911—) published a paper in 1944 proposing 
that DNA was the agent of genetic change. At 
the time, bacteriology seemed far afield from 
research on heredity, yet Avery’s work 
raised the question of whether DNA might be 
the genetic material after all. Research on 
bacteriophages, or viruses that destroy bacte- 
ria, continued under the “phage group” cen- 
tered on Max Delbrück (1906—1981), Alfred 
Hershey (1908—1997), and Salvador Luria 
(1912—1991). Tracking DNA with radioac- 
tive substances, Hershey and Martha Chase 
(1928—2003) showed in 1952 that the active 
part of the virus was indeed DNA, whereas 
proteins merely protected it. 

Despite the findings by Avery and his col- 
leagues in the 1940s, most scientists still 
believed that proteins were the true genetic 
material. Levene’s tetranucleotide interpre- 
tation held considerable sway. Proteins 
seemed complex, thus well suited for storing 
information. By contrast, the nucleic acids 
did not seem complex at all, nor did they 
seem to differ much from one cell to the 
next. But the Austrian chemist Erwin Char- 
goff (1905—2001) changed this view during 
his work at Columbia University in the 
1940s. Chargoff analyzed nucleic acids from 
beef thymus, spleen, liver, yeasts, human 
sperm, and even the tubercle bacillus. He 





In the 1920s, Phoebus A. Levene (1869-1940) discovered 
the presence of ribose and deoxyribose in the nucleic acids, 
which form the basis of the names ribonucleic acid (RNA) 
and the deoxyribonucleic acid (DNA). (National Library of 
Medicine) 


used new techniques developed during and 
after World War II, such as paper chro- 
matography, ultraviolet spectrophotometry, 
and ion-exchange chromatography. These 
enabled him to demonstrate that the four 
bases of nucleic acids were not equal as Lev- 
ene had insisted. Further, DNA was not iden- 
tical from one organism to the next, although 
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different organs within the same body did 
share the same DNA. 

The renewed agency given to DNA by 
Chargoff and the “phage group” sparked new 
studies of the structure and role of DNA. 
Among them was the American James Wat- 
son (1928—), a member of the “phage group” 
who traveled to Cambridge, England, to 
team up with Englishman Francis Crick 
(1916—). The two of them used X-ray dif- 
fraction techniques to investigate the struc- 
ture of DNA molecules. Together, they con- 
structed a model for the structure of DNA, 
based on X-ray diffraction patterns collected 
by Maurice Wilkins (1916—) and Rosalind 
Franklin (1920-1958). Although Wilkins fa- 
vored a spiral model, Watson and Crick soon 
conceived of the double helix as the basic 
model of DNA. This kind of structure, they 
argued, not only accounted for the X-ray dif- 
fraction evidence but also provided an expla- 
nation of how the DNA molecule can gener- 
ate an exact replica of itself. Their 1953 
paper became a classic of genetics, explaining 
how genetic information gets encoded 
through a sequence of base-pairs, which is 
transmitted from one cell to the next by the 
duplication of chromosomes. 


See also Amino Acids; Biochemistry; 
Chromosomes; Genetics; X-rays 
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Earth Structure 
Knowledge of the earth’s structure came pri- 
marily from studies of gravity, heat flow, and 
seismology. Although the later twentieth 
century would see the rise of plate tectonics, 
the notion that continents “drifted” was ex- 
plicitly rejected in the first half of the cen- 
tury. Before 1900, conceptions of the earth 
varied, some viewing it as a giant sponge with 
myriad caverns. Depending on one’s view- 
point, such caverns could be filled with vio- 
lent winds, thus causing earthquakes, or 
filled with water or fire, explaining the dis- 
covery of such things as lava and rivers flow- 
ing beneath the earth’s surface. Before the 
1950s, most scientists believed in a solid 
earth whose movements, such as earth- 
quakes, resulted from the settling of large 
blocks of crust due to gravitational forces. 
At the beginning of the century, knowl- 
edge about the structure of the earth came 
largely from the late-nineteenth-century syn- 
thesis of geological ideas set forth in the work 
of the Austrian Eduard Suess (1831—1914), 
especially his book The Face of the Earth, first 
published in 1883 but also updated in the first 
decade of the twentieth century. Suess intro- 
duced the concept of a supercontinent, which 
he named Gondwana, which over time had 
changed considerably owing to the action of 
the oceans and the vertical motion of the 
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crust’s masses (sinking and rising). Alfred 
Wegener (1880—1930) proposed an alterna- 
tive hypothesis about the earth in 1915. He 
also proposed a primitive supercontinent, 
which he called Pangaea, but with a crucial 
difference: He believed that the great motions 
of the earth were horizontal (rather than ver- 
tical), and that the extraordinary coincidence 
of the apparent puzzle-fit of South America 
and Africa was no coincidence at all. These 
continents, he believed, had been joined in 
the distant past, only to drift apart over time. 
Continental drift, as the theory became 
known, was rejected by most geologists. This 
was in part because of the objections of physi- 
cists such as Harold Jeffreys (1891—1989), 
who argued that the force required to move 
continents was too great to attribute to any 
known physical process in the earth. 
Seismology provided the tools to pene- 
trate the earth’s interior. Because certain 
waves—shear waves—could be transmitted 
through a rigid medium, seismologists could 
use them to judge what parts of the earth’s 
interior were solid and liquid. By the late 
1920s, such waves were believed to travel 
through the earth’s crust at a relatively con- 
stant speed, only to change speed dramati- 
cally at a certain depth, indicating a different 
kind of material. Because the waves still trav- 
eled through this material—known as the 
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mantle—seismologists concluded that it, 
too, was solid. But the earth’s core was de- 
cidedly different, and the waves seemed to 
disappear at that depth. Thus scientists be- 
lieved that the earth’s core was liquid, but it 
was surrounded by a solid mantle and crust. 

The prevailing theory of the earth’s struc- 
ture came from beliefs about its origins. As 
William Thompson (Lord Kelvin) (1824— 
1907) had done in the nineteenth century, 
physicists such as Jeffreys argued in the 1920s 
that the earth probably solidified from a liq- 
uid origin by gradual cooling. Kelvin’s con- 
ception was now modified to include other 
sources of heat such as radioactivity. As the 
earth cooled, a thin crust formed on the sur- 
face, which would then contract and thus 
break up and sink, only to melt again; the 
process would repeat until a permanent, 
honeycombed solid crust was formed around 
a denser, liquid core. The honeycombs them- 
selves were filled with liquid, but through 
gradual conduction of heat to the surface of 
the earth, these would harden and provide an 
even more solid earth. 

One of the principal problems of earth 
structure was posed by mountains. In the late 
nineteenth century, George Airy (1801— 
1892) and John Henry Pratt (1809—1871) de- 
veloped hypotheses claiming that the varia- 
tions in mass over the surface of the earth— 
such as mountains—must be neutralized by 
opposite variations (for Airy, this meant deep 
roots for mountains; for Pratt, this meant less 
density of material in mountains) in order to 
keep the density of the crust uniform. Called 
“jsostasy” in 1889 by Clarence E. Dutton 
(1841—1912), the concept presumed that the 
apparent differences in density presented by 
hills and mountains were compensated some- 
how, ensuring uniform distribution of mass 
over the earth’s surface. Investigations of such 
“compensation” constituted much of the geo- 
physical work in the first half of the twentieth 
century. For example, The United States 
Coast and Geodetic Survey (C&GS) con- 
ducted a wide-ranging study of isostasy along 


coastlines, in nonmountainous interior re- 
gions, and in mountainous areas, to test vari- 
ous hypotheses about the extent to which the 
principal of isostasy held. William Bowie 
(1872-1940), the C&GS’s chief of geodesy 
(the science of measuring the earth), published 
some of the results of this survey in 1917, pro- 
viding a data set of the comparative gravita- 
tional forces in different parts of the earth. 

Several scientists noted from Bowie’s and 
others’ data that there were widespread in- 
equalities over the earth’s surface that must 
somehow be compensated. Harold Jeffreys 
took note of this in his 1924 textbook, The 
Earth, which was one of the most influential 
textbooks on earth structure in subsequent 
decades. He believed that the continents, for 
example, had to be the same mass as the earth 
beneath the oceans; but because of their ob- 
vious difference in size (continents being 
taller), the ocean floor must be made of 
denser material than that of the continents. 
The conjecture made by Jeffreys in his 1924 
book The Earth was tested in subsequent years 
by geologists aboard submarines. Felix An- 
dries Vening Meinesz (1887—1966) of the 
Netherlands and Harry Hess (1906—1969) of 
the United States both made gravitational 
studies at sea during the 1920s and 1930s, 
“weighing” the earth—in other words, taking 
gravitational measurements to confirm or re- 
fute the principal of isostasy in relation to the 
ocean floors. These studies and others, espe- 
cially after World War II, helped to confirm 
that the sea floor was made of decidedly dif- 
ferent material than the continents. The basic 
assumptions about earth structure, based on 
these findings about the ocean floor, would 
be questioned intensively in the 1960s in light 
of new interpretations about the mobility of 
the earth’s crust. 


See also Age of the Earth; Continental Drift; 
Geophysics; Jeffreys, Harold; Seismology; 
Urey, Harold; Wegener, Alfred 
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Ecology 

Ecology is the branch of biology that exam- 
ines organisms in relation to one another and 
to their environment. It is the study of the 
“web” of life, taking the interconnectedness 
of living things as a foundation of scientific in- 
quiry. The term was coined by the German 
Ernst Haeckel (1834-1919) in 1866, al- 
though the first major figure in the history of 
the subject was the Danish botanist Eugenius 
Warming (1841—1924), whose 1895 treatise 
Plantesamfund laid out the parameters of ecol- 
ogy as the complex relationships of plants and 
animal communities. Warming emphasized 
the state of flux in these communities. He 
and other ecologists at the turn of the century 
were inspired by the work of Charles Darwin 
(1809-1882), who described the world of 
competitive nature as an entangled bank, hid- 
ing laws such as natural selection. These early 
ecologists debated whether this chaos hid a 
fundamental stability, or if it was a manifes- 
tation of the complexity of continuous 
change. 

One of the key figures of early-twentieth- 
century ecology was University of Chicago 
botanist Henry C. Cowles (1869-1939), 
who developed the concept of plant succes- 
sion. His investigations of vegetation in the 
Indiana Dunes in 1897 led him to trace a 
route of simple forms, such as brush, to more 
complex forms, such as beech and maple 
trees. These trees, for Cowles, were the “cli- 
max” plants allowable under those environ- 
mental conditions. Cowles in 1914 helped to 
found the Ecological Society of America and 
later served as its president. Another Ameri- 
can, Frederic Clements (1874—1945), stud- 
ied the Nebraska countryside and proposed 
that theories of plant communities ought to 
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consider vegetation as large-scale, complex 
organisms. He developed this idea with his 
colleague Victor Shelford (1877—1968) in 
their 1939 book, Bio-Ecology, which called 
that organism the biome, a single unit that 
consists of all plants and animals within a 
habitat. 

The term ecosystem was introduced in 1935 
by British ecologist Arthur George Tansley 
(1871—1955), who had also been a founder 
of the British Ecological Society in 1913. 
Tansley accepted the concept of separate 
units, or ecological systems, inside of which 
all things are interdependent. His view was 
mechanistic: The ecosystem could be under- 
stood as the exchange of energy and matter. 
Studies of ecosystems were not limited to 
vegetation: Scientists such as George Evelyn 
Hutchinson (1903—1991) and Charles Elton 
(1900—1991) pioneered ecological ap- 
proaches to soil and lake chemistry and ani- 
mal ecology. 

Among the most significant developments 
for theoretical ecology was Raymond Linde- 
man’s (1915—1942) 1942 work on trophic 
(nutritional) relations in lake ecosystems. 
Over five years, he and his wife, Eleanor, 
took samples of all identifiable organisms in a 
shallow body of water at the boundary of two 
succession groups. Their labors helped to in- 
tegrate the dynamics of food cycles into pre- 
vailing notions of ecological succession. Lin- 
deman argued that one had to understand 
short-term nutritional functions in an ecosys- 
tem in order to trace its long-term changes, 
namely, succession. Lindeman cast nutri- 
tional considerations in terms of energy flow, 
which, when expressed mathematically, 
could help calculate new theoretical concepts 
such as the biological efficiency of an ecosys- 
tem. By reducing trophic relationships to en- 
ergy, Lindeman provided ecologists with a 
theoretical unit with which to explore funda- 
mental problems. 

Scholar Donald Worster has argued that 
ecology has never been far removed from 
human values, and thus its history should be 
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understood in the context of the political and 
social aims of the participants. This is proba- 
bly true of most scientific activity, but espe- 
cially so for ecology, which has an overtly 
utopian foundation: interdependent commu- 
nities. It is difficult to judge whether this is a 
value that has shaped ecology, or whether 
ecological studies have reinforced it as a so- 
cial value. By mid-century, the emphasis of 
ecology on the balance of nature perhaps lent 
it a reputation for favoring such a balance at 
the expense of disruption, such as the ex- 
ploitation of natural resources, the introduc- 
tion of chemical wastes, or any other radical 
change to the environment. 

After World War II, many ecologists at- 
tempted to distance themselves from the 
growing environmental movement, lest their 
science be associated simply with political or 
social preference. At Britain’s Nature Con- 
servancy and the U.S. Oak Ridge National 
Laboratory, scientists developed communi- 
ties of “ecosystem ecologists” who buttressed 
their scientific legitimacy through close affil- 
iation with physicists. They emphasized pure 
research rather than environmental advo- 
cacy, though privately or publicly many of 
them did the latter. Ironically, much of their 
important work in the 1950s and 1960s was 
done under the auspices of agencies such as 
the Atomic Energy Commission, which came 
under heavy scrutiny for its role in environ- 
mental degradation. 
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Conservation; Haeckel, Ernst; Patronage 

References 

Bocking, Stephen. Ecologists and Environmental 
Politics: A History of Contemporary Ecology. New 
Haven, CT: Yale University Press, 1997, 

Cook, Robert Edward. “Raymond Lindeman and 
the Trophic-Dynamic Concept in Ecology.” 
Science, New Series 198:4312 (7 October 
1977), 22—26. 

Hagen, Joel B. An Entangled Bank: The Origins of 
Ecosystem Ecology. New Brunswick, NJ: Rutgers 
University Press, 1992. 

Worster, Donald. Nature’s Economy: The Roots of 
Ecology. San Francisco, CA: Sierra Club Books, 
1977- 


Eddington, Arthur Stanley 
(b. Kendall, England, 1882; d. Cambridge, 
England, 1944) 

Arthur Eddington was a celebrated astro- 
physicist who provided an early model of 
stellar structure and helped to spread the 
ideas of general relativity. Eddington was ed- 
ucated at Cambridge University, where he 
studied physics initially before turning to 
mathematics. In 1905, he began work at the 
Royal Observatory in Greenwich and fo- 
cused more intensively on astronomy. Later, 
in 1914, he became director of the Cam- 
bridge Observatory. One of his first achieve- 
ments was to shatter the age-old notion that 
the stars are fixed in the heavens, perma- 
nently destined to retain the patterns that the 
ancients and moderns embellished with zodi- 
acal signs. He showed that they do in fact 
move, albeit almost imperceptibly, relative 
to each other. 

A more significant of his important contri- 
butions involved the structure of stars. His 
work partly was based on variable stars, or 
Cepheids. These stars oscillate in brightness, 
turning dimmer or brighter in periodic cy- 
cles. In the early 1920s, Eddington estab- 
lished the relationship between mass and lu- 
minosity in stars and used the increasing 
knowledge of Cepheid variables to construct 
a model of stellar structure. In The Internal 
Constitution of Stars (1926), he described an 
equilibrium state in stars resulting from the 
opposing forces of radiation pressure and gas 
pressure. 

Eddington’s conception of the structure of 
stars met with an early critique by a younger 
and less experienced colleague. In 1930, the 
Indian Subrahmanyan Chandrasekhar 
(1910-1995) arrived in Cambridge to begin 
his studies with Eddington, but had deter- 
mined (en route, aboard ship) that if a star’s 
mass exceeded a certain limit, it could not 
reach the expected state of equilibrium. 
Chandrasekhar believed that if the mass of a 
star were greater than 1.44 solar masses, it 
would collapse under its own weight. Al- 


though it was subsequently accepted and 
known as the “Chandrasekhar Limit”—lead- 
ing to a Nobel Prize in 1983—the idea was 
severely and publicly criticized by Edding- 
ton, providing Chandrasekhar with an inaus- 
picious career start. 

One of Eddington’s goals was to promote 
Albert Einstein’s (1879-1955) theory of gen- 
eral relativity, and indeed he became one of 
Einstein’s principal evangelists. One of the 
main features of the theory was that space is 
curved by gravitational mass and that the 
shortest distance between two points is occa- 
sionally a curve. Eddington and others deter- 
mined that the way to prove this would be to 
observe a massive object actually bending the 
light from a star. In 1919, he traveled to the 
island of Principe, off the coast of Africa, to 
find an ideal location to witness a solar 
eclipse, when the sun’s light would be ob- 
scured enough to trace the path of starlight as 
it passed the massive body of the sun. To his 
delight, Eddington found that the light of the 
star was indeed affected by the sun’s gravity, 
thus lending support to Einstein’s theory. 

Eddington was a Quaker and had been a 
pacifist during World War I, as had Einstein. 
As a conscientious objector, he avoided the 
fight and continued his research at Cam- 
bridge. He hoped that his eclipse expedition 
might be an expedition to heal the wounds 
caused by the war—the two scientists came 
from countries on opposite sides of the bat- 
tlefield. Here was a British scientist making 
an expedition to test and support a German 
theory. He worked to get British scientists to 
accept general relativity, although some 
British nationalists objected to a German the- 
ory replacing a previously British theory of 
gravity—Isaac Newton (1642-1727), the 
founder of the classical laws of physics, had 
been English. Eddington’s efforts to persuade 
the Royal Society to recognize the accom- 
plishments of Einstein with its prestigious 
Gold Medal failed initially, although after 
several years the medal was indeed awarded 
to Einstein. 
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English astrophysicist Arthur Stanley Eddington helped to 


provide empirical evidence for Einstein’s general theory of 
relativity. (Hulton-Deutsch Collection / Corbis) 


Eddington also shared Einstein’s dream of 
discovering a theory to unify relativity and 
quantum mechanics. Also like Einstein, his 
efforts set him apart from the mainstream 
physics community in the 1930s. His 1936 
Relativity Theory of Protons and Electrons found 
few sympathetic readers. Most physicists 
were not interested in his highly mathemati- 
cal physics, which seemed to have little re- 
gard for experiment and focused on algebraic 
equations. He attempted to demonstrate the 
harmony between the fine structure constant 
in quantum theory and the ratio of masses 
between protons and electrons. Despite his 
reputation, Eddington’s later work was 
scorned by most and labeled mystical, as if he 
were a superstitious numerologist. Some 
believed that this work was pseudoscientific. 
He died before achieving his goal of a 
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fundamental theory, though his ideas were 
published posthumously in his Fundamental 
Theory (1946). 
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Ehrlich, Paul 

(b. Strehlen, Germany [later Strzelin, 
Poland], 1854; d. Bad Homburg, Germany, 
1915) 

Much of Paul Ehrlich’s career belongs to 
the nineteenth century. But at the turn of the 
twentieth century, he began a program of re- 
search that became the basis for all future 
work in immunology and chemotherapy. His 
chemical treatment of syphilis, certainly his 
most famous accomplishment, opened up 
new possibilities for using chemicals to cure 
disease. At the same time, chemotherapy 
created a world of potentially destructive un- 
knowns in medical practice. 

In the 1880s, Ehrlich was the head physi- 
cian at the medical clinic in Berlin’s Charité 
Hospital. While there, he conducted experi- 
ments in histology (the study of tissue struc- 
ture) and biochemistry. In particular, he was 
interested in blood cells. Hematology, a field 
in which Ehrlich made major contributions, is 
the study of blood. During this period, he 
studied and reported on the forms and func- 
tions of blood cells, and the causes and nature 
of diseases in them. In other words, he was 
studying the morphology, physiology, and 
pathology of blood cells. His achievement was 


in establishing ways to detect and differentiate 
leukemias and anemias. In observing the be- 
havior of white blood cells, or leucocytes, he 
began to believe that chemical affinities tend 
to govern all biological processes. Many of his 
later experiments were directed at determin- 
ing the affinities between various tissues and 
dyes, to improve staining methods necessary 
for histological research. 

Ehrlich pioneered the use of dyes in re- 
search and therapy. He showed that bodily 
organs can be classified according to their 
oxygen avidity (avidity is chemical affinity, 
the force that attracts certain elements to 
others, keeping them together). Ehrlich used 
dyes to detect the presence of chemicals, 
such as a color test to find bilirubin in urine, 
a sign of typhoid fever. He moved with his 
wife to Egypt after discovering he had tuber- 
culosis. He returned a year later and began 
the tuberculin treatment recently discovered 
by Robert Koch (1843-1910). He spent 
most of the 1890s conducting research on 
antitoxins. 

In 1899 Ehrlich became director of the 
Royal Prussian Institute for Experimental 
Therapy in Frankfurt. This “Serum Institute” 
became the center for government control of 
chemical agents used in immunotherapy, 
such as tuberculin and diphtheria antitoxin. It 
also became a major center of research. A 
few years later, the Research Institute for 
Chemotherapy was erected next to it. 
Ehrlich’s community became a mecca for in- 
ternational researchers, including visitors 
from other European countries, the United 
States, and Japan. 

His years at Frankfurt were extraordinar- 
ily fruitful. He elaborated his “side-chain” 
theory of immunity, which identified two 
distinct attributes in diphtheria toxin. One 
was toxic, and the other had the power to 
bind with nontoxins. The nontoxic parts at- 
tached to a cell to which they had a chemical 
affinity, and they locked in the toxin to the 
healthy cell’s side chains (later termed recep- 
tors), exposing it to damage through them. If 
the cell survived, its side chains would be 





At the turn of the twentieth century, Paul Ehrlich began a 


program of research that became the basis for future work in 
immunology and chemotherapy. (Hulton-Deutsch 
Collection / Corbis) 


rendered inert, and the injured tissue would 
regenerate without them. Ehrlich wrote that 
this created blood cells that were immune to 
damage from that particular toxin. Also in 
these years, Ehrlich conducted thousands of 
experiments grafting malignant tumors into 
mice, hoping (in vain) to find a means to im- 
munize against cancer. His efforts in immu- 
nity resulted in sharing the Nobel Prize in 
Physiology or Medicine in 1908. 

In 1906, Ehrlich predicted the creation of 
substances that could be directed exclusively 
against parasites and not the surrounding tis- 
sue, acting as “magic bullets” to combat dis- 
eases. A few years later, in 1909, he an- 
nounced his discovery of a synthetic 
compound of arsenic that seemed to be an ef- 
fective magic bullet to cure syphilis. The 
chemical was injected into animals and 
human patients. After Ehrlich demonstrated 
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its efficacy, the demand for this kind of treat- 
ment by chemicals, or chemotherapy, in- 
creased dramatically. Ehrlich tried to restrict 
its distribution, but the level of need spurred 
large-scale manufacture under the name of 
Salvarsan. For his work in chemotherapy, he 
was nominated again for the Nobel Prize, but 
the controversial status of the chemical made 
a second award impossible. Ehrlich had to 
combat many unforeseen complications from 
injecting the chemical into human bodies. 
Experiments with the chemical continued 
amidst high demand. Yet he found himself 
the target of accusations of charlatanism and 
brutal human experimentation, including an 
allegation that prostitutes were forced into 
Salvarsan treatment against their will. Al- 
though these sensational activities abated 
when World War I erupted, Ehrlich’s health 
deteriorated during these years. After a slight 
stroke, he entered a sanatorium; a second 
stroke soon thereafter killed him. 
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Einstein, Albert 
(b. Ulm, Germany, 1879; d. Princeton, 
New Jersey, 1955) 

Albert Einstein was the best-known scien- 
tist of the twentieth century. His theories of 
relativity challenged the most fundamental 
notions of physics, revising considerably the 
concepts of Newtonian mechanics. His ar- 
rival to worldwide scientific celebrity was 
unorthodox, because he was not a star pupil. 
Einstein was born in southern Germany and 
spent his early life in Munich, where his fa- 
ther and uncle operated a company that man- 
ufactured plumbing and electrical appliances. 
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During his teens, the business collapsed and 
the family moved to Milan, Italy, leaving the 
young Albert behind to finish his schooling. 
But instead of completing his studies, he quit 
school and abandoned Germany, renouncing 
his citizenship, possibly to avoid compulsory 
military service. He enrolled in school in 
Switzerland, closer to his parents, and later 
would acquire Swiss citizenship. He entered 
the Swiss Federal Polytechnic, intending to 
gain a credential to become a math or physics 
teacher in secondary schools; he gained his 
diploma in 1901. An early effort to gain a 
doctorate from the University of Zurich 
failed (he was awarded it in 1906). In 1902, 
he took a full-time government job as a 
patent examiner, providing the financial sta- 
bility needed for a wife and newborn son. 

During his time at the patent office, and 
shortly after his first son’s birth, Einstein for- 
mulated the works that would do more to 
revolutionize physics than anyone since Isaac 
Newton’s (1642—1727) work in the seven- 
teenth century. Inspired by Max Planck’s 
(1858—1947) quantum theory, recently pro- 
posed, Einstein wrote a paper in 1905 on the 
quantization of light itself, arguing that light 
behaved like a stream of particles, despite 
seeming also to behave like a wave. The 
properties of light that he described ex- 
plained what was known as the photoelectric 
effect, and light quanta were termed photons. 
In the same year, 1905, he explained the be- 
havior of tiny bodies suspended in liquids, 
known as Brownian motion, in terms that 
seemed to proffer a persuasive case for the 
existence of atoms. 

Despite these important works—the pho- 
toelectric effect won Einstein the Nobel 
Prize in Physics in 1921—Einstein’s lasting 
fame rested largely on his theories of relativ- 
ity. He devised the special theory of relativity 
in the same year, 1905. His goal was to find 
a way to reconcile Newtonian mechanics 
with the recent findings in the nineteenth 
century in electromagnetic fields by scientists 
such as James Clerk Maxwell (1831—1879). 
Einstein was dissatisfied with the fact that it 


was difficult to fit field theory into the me- 
chanical outlook of the previous era. His mo- 
tivation for devising theories of relativity was 
to provide a foundation for physics with 
greater explanatory power, encompassing 
both Newtonian mechanics and Maxwellian 
electrodynamics. 

Before Einstein, scientists believed in the 
presence of the ether, a medium that we can- 
not see or feel but that connects all things. 
Because physicists believed that, in a purely 
mechanical universe, there can be no action 
at a distance through hidden forces, there 
must be an intervening medium—an ether— 
through which some subtle mechanical action 
is taking place, allowing for gravitational at- 
traction, magnetism, or the propagation of 
light waves (like the ripples in a pond). Ein- 
stein abandoned the concept of the ether, 
which had never actually been observed, and 
developed instead his theory of special rela- 
tivity, which rejected the entire concept of 
any fixed medium connecting all objects in 
space. By discarding the ether, he rejected 
the notion of absolute rest, forcing physicists 
to assess any physical object in relation to 
some other physical object. Concepts of 
space and time had to be framed in relative 
terms, rather than in terms of some notion of 
fixed points in the ether. Fixed points, Ein- 
stein argued, do not exist in reality. The only 
constant is the speed of light. According to 
the special theory, the laws of physics appear 
the same to all observers, no matter how fast 
they are traveling, because one’s own speed 
appears to be a state of rest from one’s own 
position. However, as speed approaches that 
of light, one perceives (in the outside world) 
time moving more slowly, space being con- 
tracted, and mass increasing. 

The implications of special relativity 
seemed mind-boggling. Special relativity set 
the velocity of light as the speed limit of the 
universe and opened up questions about the 
nature of time itself. Einstein also tried to 
embed electrodynamics more firmly in me- 
chanical terms. Electrodynamics could be in- 
corporated into a relativistic mechanics by 


endowing radiation itself with inertia; pho- 
tons, for example, have mechanical proper- 
ties. Assuming some kind of equivalent rela- 
tionship between radiation energy and mass, 
Einstein developed a famous equation: 
E = mc’, or energy equals mass multiplied by 
a huge constant, namely the square of the 
speed of light. 

Special relativity applied only to objects 
moving at uniform velocities (constant 
speeds). What would happen if an object 
were accelerating or slowing down? This re- 
quired a generalization of the theory, or the 
theory of general relativity, devised by Ein- 
stein in 1915. Here he made an original ob- 
servation: Gravitational mass (the mass that 
attracts other masses) and inertial mass (the 
mass that resists acceleration) are equivalent. 
Just as moving objects crossing the path of an 
accelerating object seem to follow a curved 
path, objects near a very massive object 
should be expected to follow a curved path. 
Isaac Newton had never been able to explain 
the cause of gravitational attraction, despite 
setting forth explicit laws governing its be- 
havior. According to Einstein, gravitational 
attraction was no mysterious force; instead, 
it was simply the curvature of space brought 
about by mass. 

Beginning in the 1920s, Einstein turned 
his intellectual energies toward unified field 
theories. Initially his goal remained the same 
as before, namely, unifying mechanics with 
electrodynamics. But increasingly another 
contender arose: quantum mechanics. He 
was skeptical of the implications of quantum 
mechanics as it unfolded during the 1920s. 
Werner Heisenberg’s (1901—1976) uncer- 
tainty principle, in particular, struck him as 
too reliant on statistical understandings of na- 
ture. Einstein was a determinist who was un- 
willing to believe that certain facets of nature 
were unknowable and thus unpredictable. 
God, he famously asserted, does not play 
dice. But Einstein was increasingly alone in 
his intransigence, as the majority of physicists 
embraced quantum mechanics and its philo- 
sophical implications of indeterminacy. Part 
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Albert Einstein's theories of relativity challenged the most 


fundamental notions of physics, revising considerably the 
concepts of Newtonian mechanics. (Library of Congress) 


of the reason for this was that relativity pro- 
vided few tools for new physical ideas, 
whereas quantum mechanics did. Einstein’s 
famous energy equation was an exception; it 
hinted at the possibility of unleashing great 
amounts of energy by converting it from 
mass, a process that would become funda- 
mental to nuclear weapons and power. 

After working in academic posts in Bern, 
Zurich, and Prague, Einstein became a pro- 
fessor at the University of Berlin in 1914, thus 
returning to his homeland and becoming Ger- 
many’s chief scientific celebrity. He tried to 
dissociate himself from militarism and war in 
general. His Swiss citizenship helped him in 
this regard, obviating the need to take a stand 
for or against Germany during the World 
War I. Outspokenly pacifistic, he was one of 
the few German scientists who managed to 
avoid being vilified by U.S., French, and 
British scientists. After the war, anti-Semi- 
tism tarnished the enjoyment of his status as a 
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German celebrity. Beginning in the 1920s, he 
and his ideas were occasionally derided by 
anti-Semitic colleagues. Einstein’s theories, 
many of them incomprehensible to experi- 
mental physicists, appeared to some as quin- 
tessential examples of how theoretical physi- 
cists lived in a dreamworld, completely 
divorced from reality. In Germany, theoreti- 
cal physics came under attack as “Jewish sci- 
ence,” eroding the strength of German exper- 
imental physics. When the Nazis came to 
power in 1933, Einstein was abroad in the 
United States. Just as he had been vocal in his 
pacifism during World War I, he was openly 
critical of the Nazis’ aims. He did not wish to 
return, and he accepted a generous job offer 
from Princeton University. 

Einstein’s celebrity status gave him the 
power to be very effective when lending his 
support to certain causes. For example, a let- 
ter from Einstein, crafted by Hungarian 
physicist Leo Szilard (1898—1964), warned 
U.S. president Franklin Roosevelt (1882— 
1945) about the potential dangers of a 
weapon harnessing atomic energy. He urged 
Roosevelt to take into account the fact that 
the Nazis were pursuing such a weapon and 
to take care to requisition sufficient supplies 
of uranium—needed for such a weapon—for 
the United States. Einstein’s efforts catalyzed 
the U.S. project to build an atomic bomb. 
Later, after the war, Einstein turned his in- 
fluence toward more peaceful pursuits. He 
criticized U.S. scientists for allowing the mil- 
itary to dominate scientific research, and in 
the 1950s he lent his name to many disarma- 
ment and antinuclear organizations. He was 
offered the presidency of Israel in 1952, but 
declined. 
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Electronics 

The field of electronics is concerned with 
electric currents transmitted as pulses 
through devices of various kinds that manip- 
ulate the current’s behavior to make it be- 
have like a signal. Early work in this field 
was conducted in the 1820s and 1830s by 
the British physicist Michael Faraday 
(1791-1867), who constructed an electric 
motor and a device for inducing electricity. 
Manipulation of electric currents in the nine- 
teenth century improved early forms of com- 
munication, such as telegraphy; Samuel 
Morse’s “code,” developed in the 1840s, for 
long-distance communication still retains 
his name. In the 1880s, Thomas Edison 
(1847-1931) discovered that electricity 
flowed from a hot filament to a metal wire 
through a vacuum. This became known as the 
Edison effect. 

The study of electric currents in vacuum 
tubes became the starting point of twentieth 
century electronics. Through vacuum tube 
experiments, British physicist J. J. Thomson 
(1856-1940) in 1897 discovered the elec- 
tron, a charged subatomic particle. He iden- 
tified the cathode rays inside vacuum tubes as 
being electric currents composed of these 
tiny electrons. British inventor John Am- 
brose Fleming (1849—1945) developed the 
first electronic valve in 1905, an “oscillation 
valve” that allowed electric current to be 
converted to a signal. Shortly thereafter the 
American Lee De Forest (1873—1961) added 
a grid to Fleming’s valve in order to amplify 
the signals. He called his invention the Au- 
dion and patented it in 1907, to Fleming’s 
dismay. The applications of the two inven- 
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Lee De Forest demonstrating his oscillating tube. (Bettmann / Corbis) 


tions seemed clear: Devices for signals and 
amplification of signals could be very useful 
to the communications industries. In fact, 
soon AT&T acquired De Forest’s patent and 
made improvements. 

Vacuum tubes continued to be the focus of 
study in electronics research until the 1930s, 
although the tubes were not very efficient. 
Around that time the field of solid-state 
physics was teeming with interest in the rela- 
tionship between the new quantum mechan- 
ics and the behavior of electrons in crystalline 
materials. Scientists such as Princeton physi- 
cists Eugene Wigner (1902—1995) and Fred- 
erick Seitz (1911—) turned their attention to 
semiconductors, crystals whose properties of 
conducting electricity were inconsistent but 
promising. If semiconductors could be used 


to amplify electronic signals, they would be a 
vast improvement over the vacuum tubes. 
William Shockley (1910-1989), a scientist 
at Bell Telephone Laboratories, tried a num- 
ber of times in the 1940s to devise a solid-state 
amplifier using semiconductors, but failed. 
His frustration was exacerbated in 1947 when 
two scientists from his team of researchers, 
John Bardeen (1908—1991) and Walter Brat- 
tain (1902—1987), succeeded. Their inven- 
tion, soon dubbed the “transistor,” ensured 
the future of solid-state amplification. Al- 
though disappointed that his role was not 
greater, Shockley shared the Nobel Prize in 
Physics with Bardeen and Brattain in 1956 for 
this work. The first transistor used a slab of 
germanium crystal, without a single vacuum 
tube. Soon more efficient transistors would be 
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composed of silicon as the semiconductor 
crystal. Electronics appeared to demonstrate 
that pure science and technology were not ter- 
ribly far apart. In his Nobel speech, Shockley 
noted that most of his research originated in 
the goal of producing a useful device. He ap- 
plauded his colleagues at Bell Telephone Lab- 
oratories for their long-standing appreciation 
of the role of fundamental research in devel- 
oping industrial technology. 

Applications of the transistor did not ap- 
pear immediately for general public con- 
sumption. Televisions and radios continued 
to be produced with bulky, heavy tube ampli- 
fiers. But in the mid-1950s, “transistor radios” 
and other similarly named products flooded 
the markets, produced by various companies 
such as the Japanese-based Sony. Shockley 
himself moved to California and started a 
semiconductor company in the region that 
eventually would be called Silicon Valley. 
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Elitism 

Science has almost always been an elite activ- 
ity, a pursuit possible only for those with the 
time and resources to devote to it. In the 
twentieth century, however, science was pur- 


sued by a variety of people and institutions, 
owing to the development of salaried posi- 
tions in universities and private laboratories. 
Although governments took roles as patrons 
in their attempts to promote science, new in- 
stitutions often lacked the prestige of older 
ones. In Britain, for example, the Imperial 
College of Science and Technology was 
founded in 1907, but initially it lacked the 
prestige of older institutions not focusing pri- 
marily on science. Elites already in academic 
institutions resented the notion that govern- 
ment patronage might make academic careers 
in science more lucrative than in other fields, 
and they claimed such patronage infringed on 
academic freedom. In Britain, however, the 
government’s desire to see its populace better 
trained in scientific and technical matters en- 
sured that government patronage would 
make scientists into new elites. 

As governments took an interest in sci- 
ence, some began to resent the practice of 
providing money only to those institutions 
that had the best talent. Critics argued that 
such funds would only reinforce these insti- 
tutions’ dominance, making it impossible for 
smaller, less-known institutions to grow and 
compete with them. This was an especially 
pressing problem in the United States, 
where the disparity among institutions could 
be understood geographically—there were 
regions in the United States that lacked well- 
known institutions and thus would receive 
very little funding in any “best-science” 
scheme. To ease this geographical conflict, 
the National Research Council decided in 
1918 to recommend funding the best proj- 
ects within each state. Of course, this did 
not eliminate the institutional conflicts 
within the states, but it did appear to resolve 
a major political question among states. But 
in the 1930s, National Bureau of Standards 
director Lyman Briggs (1874—1963) at- 
tempted unsuccessfully to convince the gov- 
ernment to earmark funding for science; 
some of it would be spent in the Bureau of 
Standard’s own laboratories, and the Na- 
tional Academy of Sciences would decide 


where to spend the rest. This proposal would 
have given the country’s elite scientists the 
job of deciding which projects to fund. It met 
with considerable criticism from members of 
Congress, such as Texas’s Fritz Lanham 
(1880-1965), from states located outside of 
the Northeast and the Midwest, and Califor- 
nia. This frustrated scientists who wanted the 
government to help them solve problems 
rather than simply throw money at science. 
The issue was also political: Best-science elit- 
ists typically favored laissez-faire approaches 
more generally—not only in science but in 
industry—and had favored the conservative 
policies of Republican presidents in the 
1920s. They disliked efforts of the govern- 
ment to equalize opportunity and wanted the 
government to base its decisions upon merit. 
Others, however, were New Dealers who 
hoped that the Democratic president 
Franklin Roosevelt (1882—1945) would pur- 
sue more equitable policies. Government pa- 
tronage in the 1930s led to the creation of the 
National Cancer Institute in 1937 and ear- 
marked a considerable sum each year to the 
National Institutes of Health. Both were part 
of Roosevelt’s New Deal, yet they also sup- 
ported best-science elitism, leaving the ques- 
tion of elitism without a definitive answer. 
When the United States entered World War 
II in 1941, the issue of elitism evaporated 
temporarily, because funding on the basis of 
merit went unchallenged owing to short- 
term demands for results. 

Elitism again became an issue in the 
United States during the efforts to create a 
national science foundation. As World War II 
came to a close, leading science administra- 
tors such as Vannevar Bush (1890—1974) be- 
lieved that a permanent body was needed to 
support science, in the best interests of the 
state. Bush knew about this firsthand, as he 
had managed U.S. wartime scientific projects 
as director of the Office of Scientific Re- 
search and Development and had authored a 
report to the president of the United States 
entitled Science—the Endless Frontier (1945), 
arguing for continued federal patronage. The 
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motivation for a national science foundation 
had been, in part, to provide a civilian basis 
for science rather than to let the military 
continue to bear the responsibility for sup- 
porting science. But a civilian agency would 
be vulnerable to the travails of politics. Im- 
mediately the question was raised: In an era 
of increased federal funding for science, who 
would get the money? Especially if the ra- 
tionale for supporting science was its ability 
to strengthen the nation as a whole, it might 
make sense to ensure that only the best sci- 
entists received money. If that occurred, 
then only the elite universities would benefit. 
The issue did not get resolved in the forma- 
tion of the National Science Foundation in 
1950, although its formulators urged that the 
government should avoid concentrating 
funding in a few elite centers; at the same 
time, they resisted the efforts of some state 
universities to apply a rigid formula to ensure 
equitable distribution of money. 


See also Great Depression; National Academy of 
Sciences; National Bureau of Standards; 
National Science Foundation; Patronage; 
Technocracy 
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Embryology 

Embryology is the study of the growth of an- 
imals from the moment of fertilization to the 
full development of organs enabling inde- 
pendent life. In addition to its inherent inter- 
est, embryology has been one of the key 
fields in debating some of the larger questions 
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in biology, such as the eighteenth- and nine- 
teenth-century controversy between vitalists 
and mechanists. As the embryo develops, 
does it simply pass through configurations of 
some preformed mass (preformation, a 
mechanist idea), or is each stage a separate, 
spontaneous growth based on some ill-de- 
fined, life-giving—thus vital—force (epigen- 
esis, a vitalist idea)? The crucial question of 
embryology remained relatively unchanged 
in the twentieth century: how to explain the 
patterns of development in its earliest stages. 
Many embryologists by mid-century be- 
lieved that eventually the science could be re- 
duced to a branch of biochemistry. The seeds 
of this idea were present from the dawn of 
the century. German zoologist Curt Herbst 
proposed in 1901 that experimentalists even- 
tually would discover that the embryo devel- 
oped through induction, a process by which 
some formative stimulus “induces” the 
growth in neighboring cells. Herbst never 
fully demonstrated this, but the idea was 
strongly indicative of a reductionist mental- 
ity; in other words, he believed that develop- 
ment could be reduced to mechanical action. 
The most renowned researches in embry- 
ology were conducted by German biologist 
Hans Spemann (1869—1941) at the Univer- 
sity of Freiburg. The concepts of “organizers” 
in the process of induction came from Spe- 
mann’s work. Spemann had begun experi- 
ments prior to World War I at the Kaiser 
Wilhelm Institute for Biology in Berlin- 
Dahlem, but his momentous discoveries 
were made after moving to Freiburg in 1919. 
Spemann’s experiments used the embryos of 
amphibians, most often the common striped 
newt (Triton taeniatus). According to Spe- 
mann, in a theory developed by the early 
1920s, there were certain parts of the em- 
bryo that acted as the center of organization. 
Its tissue cells were the organizers, exerting 
influence on nearby tissue, to stimulate de- 
velopment. Even if parts of this center were 
transplanted to a different part of another 
embryo, they would “induce” the beginnings 
of a secondary embryo. One of Spemann’s 


students, Hilde Proescholdt (1898—1924) 
(later Hilde Mangold), conducted a series of 
experiments in 1921 in which a secondary 
embryo was “induced” in this way. From this 
work, Spemann in 1924 developed his “or- 
ganizer” theory, and later he determined that 
the different parts of the organization center 
were responsible for different parts of the 
embryo’s development. This work’s impor- 
tance was recognized in 1935 with the Nobel 
Prize in Physiology or Medicine. 

Even with Spemann’s work, however, em- 
bryology seemed to carry vitalistic overtones, 
with the “organizer” as the mysterious agent 
of change. One of Spemann’s former stu- 
dents, Johannes Holtfreter (1901-1992), at- 
tempted to reduce embryology even further 
to mechanistic relationships. This “reduction- 
ist” vision of embryology was essentially a bio- 
chemical one. During his experimental pro- 
gram, he developed a saline solution in which 
the embryos could live, and developed meth- 
ods to deter infection. Holtfreter’s work, 
much of it accomplished in the 1930s, cast 
the embryo less as a holistic organism and 
more as a population of interacting cells. Did 
the cell tissue surrounding the organizers 
simply follow instructions, or did they self- 
instruct to some extent? In 1938, he found 
the latter to be true and thus diminished the 
importance of the organizer as the vital agent 
of change; Holtfreter claimed that in most 
cases it simply released the capacity to de- 
velop already inherent in the tissue. Another 
of his principal findings, also demonstrated 
by 1938, was that organizer material that was 
no longer living could still induce embryonic 
growth when transplanted. This further di- 
minished the vital property of the organizer, 
because it did not itself need to be alive in 
order to induce! In addition, the organizer 
material in the embryo was not the only ma- 
terial that seemed capable of induction. The 
ramifications were astounding: Embryonic 
growth was not necessarily induced by living 
tissue, and organizers could come in different 
varieties. Because of Holtfreter’s discovery, 
much of the work after 1938 was directed to- 


ward finding other kinds of inducers, beyond 
the organizer material identified by Spe- 
mann. British embryologist Joseph Needham 
(1900-1995) was one of the key searchers 
for such inducers (in fact, the two were close 
colleagues, and Needham provided refuge to 
Holtfreter in 1939, when the latter fled the 
Nazi regime). 

Because work in genetics also was con- 
cerned with the transmission of organizing 
information, much of the subsequent history 
of embryology was marked by efforts to close 
the perceived gaps between it and genetics. 
Few scientists until the 1930s attempted this, 
mainly because the leading embryologists (in- 
cluding Spemann) distrusted geneticists as in- 
terlopers and did not believe in the usefulness 
of genetics in understanding development. 
Two scientists who tried to bridge the gap 
were British biologist Conrad H. Wadding- 
ton (1905—1975) and German biologist Sa- 
lome Glücksohn-Schönheimer (1907—), a 
former student of Spemann’s. Instead of ex- 
perimenting on embryos by altering them, 
Glücksohn-Schönheimer believed that the 
genes already were altering them—“experi- 
menting” on them, and that it would be use- 
ful to study the alterations in development 
caused by mutated genes. Gliicksohn-Schon- 
heimer began to call herself and others with 
similar goals developmental geneticists, a term 
that endured in the postwar period. 


See also Genetics 
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Endocrinology 

Endocrinology is a branch of physiology con- 
cerned with internal secretions by glands. 
Endocrinologists studied the effects and func- 
tions of such secretions. Twentieth-century 
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endocrinology largely was built upon the 
nineteenth-century work of experimenters 
such as Claude Bernard (1813-1878) of 
France and Ivan Pavlov (1849—1936) of Rus- 
sia. Bernard had introduced the concept of 
glands and had begun to identify the role of 
the secretions in the liver and pancreas. 
Pavlov studied digestion in dogs by analyzing 
internal fluids, which he gathered by surgi- 
cally implanting fistulas (collecting tubes) 
into living dogs. 

In the early twentieth century, scientists 
came to understand internal secretions as 
regulators of the body. In 1902, British phys- 
iologist Ernest Starling (1866—1927) intro- 
duced the word hormone to describe the reg- 
ulating “chemical messengers” inside the 
body. Hormone research became the corner- 
stone of endocrinology, and scientists hoped 
to isolate and define the roles of the myriad 
kinds of such secretions. Researchers in 
1921, led by Frederick Banting (1891—1941) 
and J. J. R. Macleod, successfully extracted 
the hormone in a dog’s pancreas that regu- 
lated the body’s sugars. That hormone, soon 
marketed as “insulin,” became a veritable 
wonder drug in treating diabetes, a disease 
caused by a lack of the hormone in humans. 
The two men were rewarded with the Nobel 
Prize in Physiology or Medicine in 1923. 
Over the next decades, new drugs were de- 
veloped for “hormone therapy,” designed to 
augment existing secretions or compensate 
for their absence. Much of the impetus for 
research in endocrinology came from drug 
companies during the 1920s and 1930s; that 
situation changed after World War II, when 
governments (particularly that of the United 
States) began to fund research on a much 
larger scale. 

Endocrinology’s scope widened in the 
twentieth century, because hormones were 
recognized as the body’s regulators, with the 
power to cause (or cure) disease but also to 
define one’s sexual identity. For example, 
those advocating political freedoms for homo- 
sexuals turned to endocrinology for evidence 
that homosexuality should not be considered 
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a disease or a criminal act, but rather a conse- 
quence of hormone differences. German 
physician Magnus Hirschfeld (1868-1935) 
developed this idea, describing homosexuality 
as a physiological phenomenon that could be 
traced back to the sex glands. Hirschfeld was 
the founder of the Institute for Sexual Sci- 
ence, and he advocated this interpretation of 
homosexuality in the years prior to World 
War I, culminating in the 1914 work, Homo- 
sexuality in Man and Woman. His efforts to use 
science to end discrimination against homo- 
sexuals in Germany succeeded in influencing 
other scientists and activists, but ultimately 
failed in its political goal, particularly in the 
1930s during the rise of the Nazis. 

Research on the body’s “juices” continued 
through mid-century. In 1936, Carl Cori 
(1896—1984) and Gerty Cori (1896—1957) 
collaborated to study the role of insulin and 
epinephrine. Their studies of the starch 
glycogen and its conversion into glucose, an 
essential process in the body, led to a Nobel 
Prize in Physiology or Medicine in 1947. 
They shared it with Bernardo Houssay 
(1887—1971), whose work on pituitary 
glands helped to assess the causes of diabetes 
and trace the path of carbohydrate metabo- 
lism. After the war, endocrinology became an 
essential component of neurophysiology, as 
more scientists began to study the role of flu- 
ids in regulating neural processes in the brain. 


See also Hormones; Patronage 
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Espionage 

As scientists took increasingly important 
roles in national security in World War I, 
science itself became the centerpiece of in- 


trigue. Between belligerents, the most im- 
portant kind of intelligence was in code- 
breaking. Radio intercepts between military 
commanders provided U.S. intelligence offi- 
cers with far more information than they oth- 
erwise would have had. But it was interal- 
liance spying, specifically on scientific 
projects, that became the greatest concern by 
the late 1940s. As the Soviet Union and the 
United States grew colder toward each other 
and began to base conceptions of national se- 
curity increasingly on scientific and techno- 
logical knowledge, fear of spies in the scien- 
tific community gripped society. 

Scientific intelligence during World War II 
was gathered through a variety of means, 
from publication browsing to code breaking. 
Both sides of the conflict devoted intensive ef- 
forts to gleaning as much information as pos- 
sible from published and unpublished docu- 
ments, aided by people and new technology. 
Paul Rosbaud (1896—1963), an Austrian sci- 
ence editor, smuggled information about the 
Nazi rocketry and atomic bomb projects, in 
addition to a detailed report about conven- 
tional incendiary bombs. British knowledge of 
Wernher Von Braun’s (1912—1977) rocketry 
work at Peenemünde, for example, came 
largely from the efforts of Rosbaud, and 
British bombers attacked the site in 1943. As 
for new technology, Britain’s intelligence 
center at Bletchley Park managed to decrypt 
Germany’s military codes and laid the foun- 
dations for the field of modern cryptanalysis, 
which proved immensely useful in knowing 
German positions in advance. The Soviet 
Union stepped up its own intelligence efforts 
in 1942 to assess troop concentrations as the 
Germans advanced deeper into Russia. The 
British technology proved useful to the Sovi- 
ets; one of the officials at Bletchley Park, John 
Cairncross (1913—1995), was a Soviet spy. 

Espionage also helped the Soviet Union to 
learn about, and make the decision to pursue, 
the atomic bomb. Although Soviet physicists 
knew that a bomb was a theoretical possibil- 
ity, the resources simply could not be spared 
on such an “experiment” while the Germans 


were advancing. But after the battle of Stalin- 
grad, in early 1943, the Red Army began a 
major counteroffensive against the Germans 
called Uran. Perhaps the reason Joseph Stalin 
(1879-1953) chose this name was that he 
also made another important decision at the 
time to encourage his scientists to pursue a 
uranium bomb. The Soviets knew that the 
British and Americans already had begun to 
build one, and Stalin did not want a powerful 
weapon to be in the hands of his only compe- 
tition in a postwar world. His foreign minis- 
ter, Viacheslav Molotov, handed over intelli- 
gence materials to physicist Igor Kurchatov 
(1903—1960) in February 1943. After that 
time, Kurchatov and others knew that a 
bomb was possible. The materials were based 
on the espionage activities spearheaded by a 
physicist named Klaus Fuchs (1911—1988). 
Fuchs, a German, had joined the Commu- 
nist Party in the 1930s, in opposition to the 
Nazis. Persecuted, he fled the country and 
settled in England, then moved to Scotland, 
where he joined Max Born’s (1882—1970) 
physics laboratory. When the war began, he 
became part of Britain’s wartime scientific 
establishment, which, among other things, 
worked on nuclear fission. By early 1942, he 
was spying for the Soviet Union. His connec- 
tions with the Communist Party raised few 
eyebrows, because it was a fairly popular al- 
ternative to fascism in the 1930s. When this 
secret project was moved to the United 
States, Fuchs joined the British contingent at 
Los Alamos, the top-secret site where scien- 
tists were designing the first atomic bomb. 
He rose to a high position and had knowledge 
of myriad aspects of the bomb project, de- 
spite the compartmentalization instigated by 
project leaders to keep everyone on a need- 
to-know basis. He continued his espionage 
activities through the war and returned to 
Britain in 1946, where he headed the theo- 
retical physics division for developing the 
atomic bomb in Britain. In 1949, British in- 
telligence officers, armed with new informa- 
tion from the Federal Bureau of Investigation 
about wartime messages from the Soviet con- 
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sulate in New York, arrested Fuchs and made 
him confess. He was imprisoned for nearly a 
decade (his sentence initially was for fourteen 
years), and in 1959, he moved to Commu- 
nist-controlled East Germany. 

The Fuchs debacle had many detrimental 
effects. First, it fueled the flames of the “Red 
Scare,” the feeling of fear and paranoia about 
Communist infiltration. To make matters 
the Soviet Union tested its first 
atomic bomb in 1949, years before most 


worse, 


Americans’ predictions. The Fuchs affair also 
destroyed the trust between the United 
States and Britain, severely undermining ef- 
forts by the British to reestablish wartime sci- 
entific exchanges of information. Moreover, 
it highlighted the role of scientists in matters 
of national security and demonstrated the 
need to keep them loyal. The arrest of Klaus 
Fuchs empowered members of Congress in 
their hunts for Communists in the federal 
government, lent credibility to “loyalty 
oaths” at major universities, and made Amer- 
icans wary of a trusted ally, namely, Britain. 
It put scientists under close scrutiny; in ensu- 
ing years, Americans questioned the reliabil- 
ity and loyalty of leading scientists such as Ed- 
ward Condon (1902-1974) and J. Robert 
Oppenheimer (1904—1967). Like them, 
Fuchs had been at the top level of science, 
with knowledge of closely guarded secrets. 


See also Cold War; Crime Detection; Loyalty; 
Manhattan Project; Soviet Science 
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Eugenics 

Eugenics literally means “good breeding,” 
and it was the science of racial improvement. 
It was popularized in the nineteenth century 
by the work of British biologist Francis Gal- 
ton (1822-1911), who had demonstrated 
that the hereditary traits of certain peas were 
relatively stable when passed from one gen- 
eration to the next, despite the appearances 
of variations. The average of the traits in the 
entire population remained the same. Galton 
and his disciples extended this conclusion to 
human populations as well, noting the occa- 
sional dissimilarity between parents and chil- 
dren. He claimed that heredity was based 
more on the totality of one’s ancestors rather 
than one’s parents. Each new child’s herita- 
ble traits—for example, intelligence— 
would tend toward the average. Eugenicists 
of the twentieth century took this to mean 
that selective breeding might improve the av- 
erage. They tried to use breeding either to 
improve racial characteristics or to maintain 
the integrity of racial groups. 

The pervasive acceptance of the basic tenets 
of eugenics had far-reaching consequences in 
the early twentieth century. One was the abuse 
of a scientific idea to reinforce racial stereo- 
types and discrimination and to categorize 
entire ethnic groups hierarchically in order of 
superiority. Eugenics appeared to demonstrate 
that intermarriage could disturb and perhaps 
“pollute” racial stocks, leading inadvertently 
to what many—including U.S. president 
Theodore Roosevelt (1858—1919)—dubbed 
“race suicide.” Such fears were fueled by 
reports of an increase in mental deficiency in 
both the United States and Britain, which rein- 
forced, among the supposedly “well-bred” 
white population, militant desires to preserve 
national integrity by identifying it with racial 
strength or survival. For example, in the 
United States, eugenics provided a strong ra- 
tionale for anti-Asian sentiment on the West 
Coast, leading to strict immigration laws 
during the Progressive era in the first decade 
of the century. Political Progressives be- 


lieved race to be one of the country’s most 
important nonrenewable resources. 

British eugenicists founded the Eugenics 
Education Society in 1907, hoping to influ- 
ence the development of a more rational so- 
ciety based on science’s findings about hered- 
ity. It sought to find ways, through legislation 
and general influence on government, to en- 
courage programs for positive and negative 
eugenics—that is, encouraging some ele- 
ments of society to breed and others not to 
do so. In contrast to the U.S. experience, the 
alleged dividing line between the well-bred 
and the ill-bred was not always racial, but 
based more often on class distinctions (these, 
of course, were often combined, as in the 
case of discrimination against the Irish). 
Some of the eugenicists hoped to reduce so- 
cial strife by decreasing, through eugenics 
laws, procreation among those most likely to 
join labor unions and other working-class 
groups. 

In Germany, eugenics was known as racial 
hygiene. Before the Nazi period, German 
eugenics was similar to those of Britain and 
the United States, although it was more 
closely tied to the field of medicine. Al- 
though one of the principal eugenicists, Wil- 
helm Schallmayer (1857—1919), often cri- 
tiqued the widespread linkage of eugenics 
with racism in society, most German eugeni- 
cists wished to use science to construct a 
healthier, more rational, and more efficient 
society, which typically meant paying close 
attention to racial purity. The tendency to 
adopt managerial outlooks toward race in 
society during the early twentieth century 
continued into the 1930s. Under the racist 
agenda of the Nazis, German eugenics fo- 
cused on the importance of preserving the 
Aryan race, citing the need to keep it free of 
Jewish and Slavic influences. Adolf Hitler 
(1889—1945) believed that Jews in particular 
were sucking the vigor out of the Aryan 
race, and the Nazis passed the Nuremberg 
Laws in 1935 to redefine German citizenship 
along racial lines and to discriminate 





Francis Galton, founder of the eugenics movement. 
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strongly against Jews in society. After World 
War II began, this policy became one of out- 
right genocide. Horrified reactions to the 
Holocaust, during which the Nazis executed 
and gassed some six million Jews, con- 
tributed to a dramatic decline in sympathy 
for eugenics after the war. 


See also Biometry; Birth Control; Intelligence 
Testing; Nazi Science; Race; Social Progress 
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Evolution 

Evolution became a prominent scientific the- 
ory in the nineteenth century, but it re- 
mained controversial in the twentieth. The 
most influential evolutionary theories were 
proposed by French zoologist Jean-Baptiste 
Lamarck (1744—1829) in Philosophie Zo- 
ologique (1809) and English botanist Charles 
Darwin (1809—1882) in On the Origin of 
Species by Means of Natural Selection (1859). 
Each was controversial in the early twentieth 
century for scientific and philosophical rea- 
sons. Evolution in general was virulently at- 
tacked for religious reasons and also met with 
a serious critique from geneticists. Although 
Lamarckian evolution survived in countries 
such as the Soviet Union, and religious con- 
servatives continued their hostility toward 
evolution in general, the scientific commu- 
nity in most Western countries accepted by 
the 1940s a synthesis of Darwinian evolution 
and genetics. 

The most attractive evolutionary idea at 
the dawn of the twentieth century was 
Lamarck’s vision of adaptive change. 
Lamarck had denied the existence of species, 
and instead argued that organisms continually 
adapt to their environments, causing changes 
in themselves that could be passed down to 
their offspring. This idea, the inheritance of 
acquired characteristics, had philosophical 
implications: The organism was the agent of 
change, improving its ability to live produc- 
tively in any environment, and such im- 
provement was permanent. Unfortunately, 
experiments made in the 1890s by August 
Weismann (1834—1914) had demonstrated 
that cutting off the tails of mice, generation 
after generation, did not lead to change in the 
length of tails in mice in any succeeding gen- 
eration. This cast serious doubt on the inher- 
itance of acquired characteristics. Thus in the 
first years of the twentieth century, evolu- 
tionists had to choose between two compet- 
ing visions (Lamarckian and Darwinian) 
whose boundaries had been blurred for years. 
Despite the lack of evidence in its favor, 
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Lamarckian evolution proved popular, 
largely because the alternative theory made 
the world appear to be a senseless, random, 
purposeless accident. In the Soviet Union, 
Lamarckian evolutionists such as Trofim Ly- 
senko (1898—1976) were hostile to Weis- 
mann’s conclusions. Science, Lysenko was 
arguing even in the late 1940s, was the 
enemy of chance. Humans should feel em- 
powered to make changes to their environ- 
ment, such as improving agriculture by stim- 
ulating designed evolution. 

The leading Darwinists were biometri- 
cians who hoped to use large populations to 
demonstrate that natural selection could have 
a lasting effect. By the early twentieth cen- 
tury, Darwinian evolution was faced with the 
problem of blending. If a drop of black paint 
fell into a vat of white paint, the black would 
blend so thoroughly that no effect could be 
perceived. The same might be true of evolu- 
tion; even if new traits were introduced into 
a population, how could that trait have a last- 
ing effect? Karl Pearson (1857—1936) was the 
most active and influential of the biometri- 
cians trying to save Darwin from the effects 
of blending. Not only did Pearson believe 
that natural selection could change a popula- 
tion, he also believed in selective breeding to 
improve the general stock of the whole pop- 
ulation. This movement was called eugenics 
and had been pioneered by Charles Darwin’s 
cousin Francis Galton (1822—1911). Pearson 
promoted social reforms along these lines, 
hoping to have governments encourage the 
procreation of the most intelligent and pro- 
ductive groups in society. 

A powerful threat to Darwinian evolution 
came from the development of genetics in 
the first decade of the century. The modern 
agreement between genetics and natural se- 
lection often obscures the strong mutual dis- 
affection between evolutionists and geneti- 
cists in the 1910s. This conflict, in part, was 
owing to the personal animosity between 
leading geneticist William Bateson (1861— 
1926) and leading biometrician Walter F. R. 
Weldon (1860—1906). But genetics, by 


allowing dominant and recessive genes to be 
transmitted by mathematical laws, without 
blending, had in fact saved Darwinism from 
its most serious critique. Still, one salient 
issue appeared to make Darwinism and ge- 
netics irreconcilable, namely, the problem of 
continuous versus discontinuous change. The 
Darwinians insisted that random change oc- 
curred continuously, whereas the geneticists 
proposed that changes occurred in bursts, 
through sudden mutation. 

The evolutionary synthesis achieved a rel- 
atively harmonious combination of Darwin- 
ism with genetics. U.S. biologist Thomas 
Hunt Morgan’s (1866—1945) experiments 
with the fruit fly, beginning in 1910, re- 
vealed small naturally occurring mutations 
that were inherited according to Mendelian 
laws. The new traits, however, only spread 
through the population by means of natural 
selection. Building on this work, British biol- 
ogist Ronald A. Fisher (1890—1962), trained 
that 
Mendelian inheritance would allow traits to 


in biometrical methods, realized 
be preserved without blending, thus allowing 
a large number of traits to be present in a 
population without always showing them- 
selves, in turn explaining the large degree of 
variability. Another British biologist, J. B. S. 
Haldane (1892—1964), demonstrated that 
the process could work very quickly in a pop- 
ulation; he offered the famous example of the 
dark-colored moths that spread quickly in in- 
dustrial, urban areas, where they flourished 
unseen by predators. Other researchers in 
the 1920s and 1930s such as Sewall Wright 
(1889—1988) and Theodosius Dobzhansky 
(1900—1975), both working in the United 
States, helped to found a new field of evolu- 
tionary science called population genetics. 
George Gaylord Simpson’s (1902—1984) 
Tempo and Mode in Evolution (1944) persua- 
sively argued that the evolutionary processes 
described by population geneticists could be 
reconciled with the fossil record, especially 
the aspects of Darwinism that emphasized 
branching and common ancestry rather than 
linear progressions of species. By mid- cen- 


tury, most scientists in Western Europe and 
North America accepted the evolutionary 
synthesis as it was developing in the hands of 
population geneticists. 

Evolution was more than a scientific idea; 
it became a symbol for the conflict between 
science and religion. There is no mention of 
species evolving in the Bible, and in fact the 
Bible presents a different story altogether, 
that all creatures were created by God during 
the six days described in the book of Genesis. 
The idea of being descended from an ape 
(which was not the true position of the Dar- 
winists, who held that men and apes were not 
related linearly but instead shared a common 
ancestor), seemed to contradict the word of 
God. Especially in the United States, Chris- 
tian fundamentalists and other concerned re- 
ligious-minded people disliked the fact that 
such a controversial theory was being taught 
to children in schools. The 1925 Butler Act, 
passed in Tennessee, prohibited the teaching 
of evolution in public schools. In response, 
the American Civil Liberties Union argued 
that the law ignored the principle of separat- 
ing church and state and asked substitute 
teacher John T. Scopes (1900-1970) to 
break the law by teaching it. He agreed, thus 
provoking an arrest and a widely publicized 
trial, which Scopes lost. The trial drew atten- 
tion to the vehement opposition in the south- 
ern United States to scientific ideas that 
threatened religious values. The Scopes trial 
also provoked a wave of anti-Southern 
ridicule, but also discouraged publishers 
from including evolution in secondary school 
textbooks. 


See also Biometry; Determinism; Genetics; 
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Extraterrestrial Life 

Extraterrestrial life refers to life originating 
from somewhere outside the earth. Before 
the twentieth century, the concept received a 
great deal of attention, particularly among 
philosophers and scientists who insisted on 
the plurality of worlds (that the earth is not 
unique, and there are many worlds in the 
universe). The iconoclast of the American 
Revolution, Thomas Paine (1737—1809), ar- 
gued that the plurality of worlds necessitated 
the rejection of human-centered Christianity. 
Typically, however, this argument ran in the 
other direction: The story of creation in the 
book of Genesis, if taken literally, necessi- 
tated the rejection of a belief in life on other 
planets. At the end of the nineteenth century, 
the religious basis for discarding the notion of 
alien life proved very strong, particularly 
among those who already felt challenged by 
the evolutionary ideas of Charles Darwin 
(1809—1882). In the twentieth century, 
those concerned with extraterrestrial life 
were interested not only in life on other plan- 
ets but also in the possibility that such life 
might have visited the earth. 

Those seeking to find life on other planets 
often looked to the earth’s neighbor, Mars. 
The wealthy U.S. astronomer Percival Lowell 
(1855—1916), for example, was convinced 
that the seemingly geometric lines discovered 
on the face of Mars were in fact canals built by 
intelligent beings, which he wrote about in 
Mars and Its Canals (1906). These lines ap- 
peared to connect great masses of water, lit- 
tering the planet’s surface with groups of 
straight lines that could not have been formed 
naturally. These “canals” had been identified 
in the late nineteenth century by the Italian 
Giovanni Schiaparelli (1835—1910), who, 
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along with French pluralist Camille Flammar- 
ion (1842-1925), felt that studies of the 
canals would vindicate the old notion of the 
plurality of worlds. But investigations of the 
canals did quite the opposite; in 1912, analy- 
ses of the Martian atmosphere indicated that 
the lines were not as geometric as previously 
believed, and their previous appearance had 
been a result of poor resolution in telescopic 
lenses. The canals of Mars were simply opti- 
cal illusions. 

Although scientists abandoned the notion 
of canals on Mars, the logical conclusion 
about the plurality of worlds remained: If 
there were many stars, there must be many 
stellar systems and many planets like the 
earth capable of sustaining life. The theoreti- 
cal possibility of life in other star systems re- 
mained plausible but impossible to demon- 
strate. In the 1930s, U.S. astronomer Henry 
Norris Russell (1877-1957) observed that 
the origin of the solar system was the most 
important problem in astronomy, because 
there still was no evidence to suggest the ex- 
istence of planets outside of the sun’s system. 
The lack of evidence buttressed scientific and 
religious claims denying plurality, making it 
possible to argue the earth’s (and man’s) 
uniqueness in the universe. Substantial evi- 
dence for the existence of planets in other 
stellar systems never arose in the first half of 
the twentieth century. 

The most widely known suggestion of ex- 
traterrestrial life came from sightings of 
unidentified flying objects (UFOs). The year 
1909 saw a wave of sightings of unidentified 
airships, in England, the United States, and 
even New Zealand. However, these airships 
resembled “zeppelins,” a recent German in- 
novation, and the fears were not necessarily 


of aliens, but of German invaders. In 1946, 
residents of Norway and Sweden saw “ghost 
rockets” above their cities and towns, which 
some believed were extraterrestrial. Others 
reported that the Americans or Soviets were 
testing rocket designs recovered from Ger- 
many during the war and that their countries 
were being used as a firing range. Unex- 
plained UFO sightings in 1947 and 1948 near 
Roswell, New Mexico, provided one of the 
strongest bases for UFO enthusiasm in the 
United States, although these, too, could 
have been connected to military flight or 
rocket testing. In 1947, the United States Air 
Force began to collect reports of UFO sight- 
ings. It issued two reports in 1949 (the Sign 
Report and the Grudge Report), both of 
which attributed the sightings to ordinary 
phenomena, illusions, or hoaxes. Neverthe- 
less, in subsequent decades, their unex- 
plained nature and the fact that the Air Force 
kept a great deal of its UFO data secret 
sparked the curiosity of the public about the 
possibility of intelligent extraterrestrial life 
visiting the earth. 


See also Astronomical Observatories; Lowell, 
Percival; Radio Astronomy; Religion; Science 
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Federation of Atomic Scientists 

The Federation of Atomic Scientists (the Fed- 
eration), formed in 1945, was one of the first 
scientific organizations to embrace the new 
political responsibilities of scientists in the 
postwar world. After the development of the 
atomic bomb, the work of science became the 
centerpiece of U.S. national security strategy, 
and thus scientists assumed a new role of 
power, prestige, and—to the minds of some 
scientists—responsibility for the future of hu- 
manity. Some of the scientists who partici- 
pated in the Manhattan Project believed that 
the new weapon had heralded a new age that 
radically would change global politics. The 
hallmark of that change would be an arms race 
between the United States and the Soviet 
Union. To prevent such a race, scientists such 
as Leo Szilard (1898—1964) and James Franck 
(1882-1964) had argued during the war 
against the use of the bomb on Japanese cities, 
and they had urged international control 
rather than a U.S. atomic monopoly. When 
the war ended, much of this effort was taken 
up by the Federation. 

The political focus of the Federation was 
the control of atomic energy at home and 
abroad. In what some have dubbed the “sci- 
entists’ movement,” the Federation took the 
lead in putting the political issues of the 
bomb at the forefront of policy-minded sci- 


entists’ concerns, edging out other important 
issues such as creating a national science 
foundation. They successfully lobbied in 
1946, for example, to have Senator Brien R. 
McMahon's (1903—1952) atomic energy bill 
passed over a rival bill that would have given 
more power to the military. The Federation 
scientists believed that they had created a 
powerful weapon that threatened all of 
mankind, and that they should bear the re- 
sponsibility for shaping atomic weapons and 
atomic energy policies. 

The Federation first published The Bulletin 
of Atomic Scientists in December 1945, as an 
effort to educate other scientists about the 
growing relationship between them and na- 
tional and international politics. The Bulletin 
of Atomic Scientists was supposed to reveal the 
dangerous ramifications of the “Pandora’s 
box” of modern science. It did not limit itself 
to atomic matters, but instead gave attention 
to science’s connections to other issues such 
as religion, ethics, and law. In an effort to 
broaden its focus and membership, the Fed- 
eration soon changed its name to Federation 
of American Scientists. But the perils of the 
atomic age stood at the forefront of the Bul- 
letin of Atomic Scientists, and it included a 
“clock of doom” on its cover. When the clock 
was turned closer to midnight, it reflected 
the editors’ assessment of the dangers of 
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world events. For example, when the Soviet 
Union tested its first atomic bomb in 1949, 
the clock moved closer to midnight. 

The failure of scientists to negotiate inter- 
national control of atomic energy with the 
Soviet Union sent the Federation into disar- 
ray. The 1946 Baruch Plan, named for U.S. 
delegate Bernard Baruch (1870-1965), had 
proposed both entrusting an international 
body with atomic secrets and destroying ex- 
isting weapons. But the Soviets refused be- 
cause the plan also insisted on inspections, 
which for the Soviets meant spying. They de- 
layed agreement to the plan, and negotiations 
about inspections continued until 1949, 
when the first Soviet atomic bomb test was 
conducted. The Baruch Plan had failed, and 
the arms race continued. Some Federation 
scientists, on the pages of the Bulletin of 
Atomic Scientists and elsewhere, adopted new 
strategies to advocate arms control in the 
1950s, while others worked within the mili- 
tary establishment to strengthen national se- 
curity through weapons research. 
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Fermi, Enrico 
(b. Rome, Italy, 1901; d. Chicago, Illinois, 
1954) 

“The Italian navigator has landed in the 
New World,” the physicist Arthur Compton 
(1892-1962) said on a long-distance call to a 
colleague, trying to talk in code. It was 1942. 


At the time, Enrico Fermi was working on a 
secret project and had achieved what so far 
only had been theoretically possible: the first 
controlled nuclear chain reaction. Soon 
Fermi and his colleagues moved to Los 
Alamos, New Mexico, as part of the Manhat- 
tan Project, the effort by the United States to 
build the atomic bomb. 

Fermi already was a world-renowned 
physicist by this time. He had received his 
doctorate from the University of Pisa in 1922, 
but studied also in Göttingen, Germany, and 
Leiden, Holland, in order to acquaint himself 
with the latest developments in physics (Italy 
was not a major center of activity at that 
time). Throughout the 1920s, Fermi pub- 
lished papers in theoretical physics and in 
1926 developed the statistics, named for him, 
that describe the behavior of subatomic parti- 
cles while taking into account Wolfgang 
Pauli’s (1900—1958) 1925 exclusion princi- 
ple, which prevents more than one electron 
from occupying the same quantum orbit in an 
atom. The following year, he became a pro- 
fessor of theoretical physics at the University 
of Rome, where he would remain for more 
than a decade, conducting research on the 
inner workings of the atom. 

One fruitful area of research was in 
neutron bombardment. Frédéric Joliot 
(1900—1958) and Irène Joliot-Curie (1897— 
1956) discovered that bombarding stable 
nuclei with alpha particles in a laboratory re- 
sulted in the creation of radioactive isotopes. 
In other words, they discovered artificial 
radioactivity. Fermi was convinced that 
radioactive isotopes might be produced by 
bombarding existing elements with neu- 
trons. Because they have neither a positive 
nor negative charge, neutrons would not be 
repelled and would have a better chance of 
reaching (and being captured by) the tiny nu- 
cleus, thus producing an isotope. Fermi sys- 
tematically subjected more than sixty ele- 
ments to such bombardment, and nearly 
forty of them exhibited the activity he had 
hypothesized. He also found, to his surprise, 
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Enrico Fermi seated at the control panel of a particle accelerator, the "world's most powerful atom smasher." (Library of 


Congress) 


that bombarding uranium resulted in the 
manufacture of elements previously un- 
known to man. In the process of his experi- 
ments, Fermi discovered that collisions with 
hydrogen atoms slowed down some neu- 
trons, and these “slow neutrons” became the 
focus of much of his subsequent research. 
His work on neutrons and the discovery of 
new radioactive elements culminated in a 
Nobel Prize for Physics in 1938; Fermi took 
the travel opportunity (the Nobel Prize cere- 
monies were in Stockholm, Sweden) to make 
an exit from Fascist Italy. Although he had 
enjoyed the support of the Italian govern- 
ment, he had been offered an attractive posi- 
tion at Columbia University in the United 
States. In addition, racial laws in Benito Mus- 


solini’s (1883-1945) Italy appeared to 
threaten his wife, who was Jewish. He trav- 
eled directly from Sweden to New York, 
leaving his laboratory and colleagues behind. 

After the 1938 discovery of nuclear fission 
(splitting the atom) by German scientists 
Otto Hahn (1879—1968) and Fritz Strassman 
(1902—1980), Fermi realized that some of his 
neutron experiments in Rome had resulted in 
fission without him recognizing it. Looking 
back on these experiments, Fermi realized 
that if fission resulted from the bombardment 
of elements with neutrons, and if the process 
of fission produced more neutrons (i.e., if 
one neutron produced fission in an atom but 
two neutrons were released after fission), the 
excess neutrons could produce further fission 
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in nearby atoms. Theoretically, this could 
lead to a fission chain reaction. 

After World War II began, the United 
States hired Enrico Fermi to work in the first 
phase of the secret atomic bomb project at 
the University of Chicago. Working closely 
with Leo Szilard (1898—1964), a Hungarian- 
born physicist, Fermi’s team of scientists 
achieved the first controlled nuclear chain re- 
action, by designing a reactor (or “pile” as 
they called it) in a squash court underneath 
University of Chicago’s Stagg Field. In a dra- 
matic experiment in 1942, the first atomic 
pile went critical, demonstrating that a chain 
reaction, and possibly an atomic bomb, was 
possible. Fermi and others assumed that 
Adolf Hitler’s (1889—1945) scientists were 
doing the same thing, although the highly ef- 
fective method of slowing down neutrons by 
using graphite of very high purity was never 
adopted by the German scientists, and they 
did not achieve a chain reaction. 

Without the work of Fermi and Szilard, 
the United States would not have built the 
atomic bomb during World War II. After this 
stunning success, which some hoped would 
not prove possible, Fermi moved to Los 
Alamos, New Mexico, to work as a consult- 
ant for designing and building the atomic 
bombs that ultimately would be dropped on 
Hiroshima and Nagasaki in 1945. He later 
served in atomic energy policy advising posi- 
tions and even visited Italy after the war. In 
1954 his health rapidly declined; he had de- 
veloped incurable stomach cancer, and he 
died the same year. 


See also Atomic Bomb; Atomic Structure; 
Fission; Physics 
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Fission 

Few processes of nature have had so great an 
impact on the course of history in the twen- 
tieth century as nuclear fission. Its discovery 
led almost immediately to bomb projects in 
several countries. Some six years after scien- 
tists achieved fission in a laboratory, two 
cities in Japan were decimated, each by a sin- 
gle bomb exploiting the principles of atomic 
physics. Atomic energy then transformed the 
world, through peaceful uses such as power 
production and, more importantly, through 
nuclear weapons. These weapons became 
symbols of international power; their num- 
bers and the increasing complexity of deliv- 
ery systems became the hallmark of the arms 
race between the United States and the So- 
viet Union. They also promised to make the 
next war, should it ever occur, a worldwide 
holocaust. 

The scientific background of nuclear fis- 
sion begins with the discovery of radioactiv- 
ity in 1896. Henri Becquerel (1852—1908) 
was investigating the properties of uranium, 
which he believed was one of several ele- 
ments that phosphoresced for extended peri- 
ods after being exposed to the sun. He soon 
discovered that his samples of uranium emit- 
ted some kind of radiation, detectable from 
exposed photographic plates, even without 
being exposed to the sun. The property was 
inherent to the material, not a reaction to 
sunlight. Radioactivity remained an unspec- 
tacular field (compared, for example, with 
the study of X-rays) until Marie Curie 
(1867-1934) and her husband, Pierre, began 
their studies of uranium ores in the last few 
years of the nineteenth century. They found 
two new elements, polonium (named for 
Poland, Marie’s homeland) and radium. She 
coined the word radioactive to describe the 
property of giving off some kind of emission. 

Studies of radioactivity increased rapidly 
in ensuing years, especially under the influ- 
ence of New Zealander Ernest Rutherford 
(1871—1937). He and others began to recog- 
nize a number of different properties of ion- 
izing radiation (meaning the radiation that 


produced charged particles as it passed 
through surrounding gas). Rutherford named 
the “alpha” and “beta” particles emitted. 
Alpha particles appeared strongly charged 
but could be stopped by a sheet of paper, 
whereas beta particles seemed weaker but 
more penetrating. Other kinds of radiation, 
such as gamma rays, were also discovered, 
but a full understanding of the particulate and 
electromagnetic forms of radiation would be 
slow in coming. 

Rutherford recognized that the release of 
alpha and beta particles meant that a process 
was taking place that seemed less like science 
and more like the alchemy of centuries past. 
But whereas alchemists had tried to turn lead 
into gold, Rutherford and his colleagues came 
to realize that radioactive elements were in 
fact changing, over huge spans of time, into 
lead. He and Frederick Soddy (1877—1956) 
argued that radioactive atoms were not sta- 
ble, and by ejecting an alpha or beta particle, 
the atom of one element “transmuted” into an 
atom of another element. This process con- 
tinued in a chain of unstable elements—a 
decay chain—until finally a stable element re- 
sulted. Decay chains end with lead. 

After World War I, scientists began to ex- 
periment with artificial disintegrations. They 
bombarded stable elements with alpha parti- 
cles, resulting in the ejection of particles, 
thus using natural radioactivity to produce 
artificial disintegration. Most elements could 
not be bombarded in this way, because alpha 
particles were charged particles, and so were 
the target nuclei. Their electric charges 
tended to repel each other. But John Cock- 
croft (1897—1967) and Ernest Walton 
(1903—1995), researchers at Rutherford’ s 
Cavendish Laboratory at England’s Cam- 
bridge University, built a machine to acceler- 
ate alpha particles artificially to achieve high 
enough energy to overcome this obstacle. 
Here scientists were creating alpha particle 
speeds not found in nature in order to create 
a nuclear disintegration also not found in na- 
ture. Soon physicists in many countries began 
to build particle “accelerators” to overcome 
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the barriers of nature, including U.S. physi- 
cist Ernest Lawrence’s (1901-1958) famous 
cyclotron. Around the same time, in 1932, 
Rutherford’s chief assistant, James Chadwick 
(1891-1974), discovered what Rutherford 
had predicted must exist: a particle roughly 
the same size as a proton but with no charge, 
called the neutron. 

The discovery of the neutron opened up 
new doors for experiments with artificial dis- 
integrations of elements. Neutrons were the 
ideal projectiles for experiments. Alpha par- 
ticles (identified by this time as helium 
atoms) had an electric charge, but neutrons 
did not. Thus they had the mass needed to 
collide with atomic nuclei but no charge to 
deflect them away from it. The Italian physi- 
cist Enrico Fermi (1901—1954) began to 
bombard elements with neutrons, describing 
a number of nuclear reactions and even find- 
ing new elements. Determining the proper- 
ties of the products from such bombardments 
was the basis of research that led to nuclear 
fission. 

Nuclear “disintegration” previously de- 
scribed was not the same as nuclear fission. 
Disintegration described the decay of one el- 
ement into another, caused by the emission 
of a particle. Emitting that particle is what 
makes the element “radioactive.” Fission, 
however, is not merely the ejection of a par- 
ticle. It requires that the atom itself split 
roughly in half. Research on nuclear reac- 
tions in the late 1930s was complex, mainly 
because of a number of confusing disintegra- 
tions taking place, because there is not a sin- 
gle decay chain to record. In addition, with 
minute quantities of radioactive material, sci- 
entists needed to mix in similar, nonradioac- 
tive elements to help track the processes. 

In 1938, German scientists Otto Hahn 
(1879—1968) and Fritz Strassman (1902— 
1980) noted that their experiments with ura- 
nium were not resulting in disintegration to- 
ward radium, as expected. Instead, they ap- 
peared to have produced a new sort of 
radioactive barium, closer to the middle of 
the periodic table. In fact, barium was 
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roughly half of radium’s weight. They knew 
that, if uranium were to split, something like 
barium might be expected, but nothing big- 
ger than an alpha particle had even been seen 
coming from an atom before. Hahn’s long- 
time colleague Lise Meitner (1878—1968), 
having fled Nazi Germany by this time, pro- 
vided the explanation. She and her nephew 
Otto Frisch (1904—1979) interpreted the re- 
sults as a deformation of the uranium nucleus 
from collision with a neutron. That deforma- 
tion led to a break. The atom had been split. 
The addition of a neutron to the uranium nu- 
cleus had created two atoms of barium. 
Meitner and Frisch also calculated that the 
sum of the two new atoms’ masses did not 
exactly equal that of the old atom and the 
neutron. Some mass was lost in the fission 
process, being converted into energy. The 
amount of released energy could be calcu- 
lated with Albert Einstein’s (1879—1955) fa- 
mous formula, E = mc’, or energy equals 
mass multiplied by a huge number (the speed 
of light, squared). This reaction produced 
millions of times more energy than the most 
energetic chemical reactions then known. 
Nuclear fission had been discovered. For 
many, the ramifications were clear. Aside 
from being a fascinating scientific phenome- 
non, the energy released suggested that, if a 
fission chain reaction could be sustained, one 
could create a weapon of such power that an 
entire city might be destroyed in an instant. 
Fission became the science of atomic bombs. 


See also Atomic Bomb; Fermi, Enrico; Hahn, 
Otto; Manhattan Project; Meitner, Lise; 
Physics; Radioactivity; Uranium 
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Franck, James 
(b. Hamburg, Germany, 1882; d. 
Göttingen, Germany, 1964) 

James Franck was an important figure in 
the physics community in Germany prior to 
World War II, then later as the leader of a 
group of scientists in the United States who 
opposed using the atomic bomb against 
Japan. In the first decade of the century, 
Franck worked in Berlin, attending colloquia 
led by eminent physicists such as Max Planck 
(1858-1947) and Albert Einstein (1879— 
1955). He and his colleague Gustav Hertz 
(1887-1975) conducted studies of electron 
collisions. They found that, although colli- 
sions between electrons and noble gas atoms 
usually were elastic, without transfer of ki- 
netic energy, some collisions were inelastic, 
leading to the transfer of energy to atoms. 
Their experiments showed that energy 
transfer occurred only when kinetic energy 
exceeded a certain level, and at that level the 
entire amount of energy up to that level was 
transferred to the atom. These experiments, 
conducted prior to World War I, showed 
that energy was transferred in discrete 
amounts, not continuously. They helped to 
demonstrate the “quantized” nature of en- 
ergy, which had been postulated by Niels 
Bohr (1885—1962). They did not immedi- 
ately see this “quantum” connection, nor did 
they recognize the fundamental significance 
of Bohr’s work. But as Franck later said, they 
followed “many a false trail and roundabout 
path” before finding the direct path provided 
by Bohr’s theory. The work of Franck and 
Hertz appeared to be the experimental proof 
of a fundamental concept in the new quan- 
tum physics. For this work, the two men 
shared the 1925 Nobel Prize in Physics. 

Like many of his colleagues, Franck was 
pained to see the Nazis rise to power in Ger- 
many in 1933. Franck was Jewish, but be- 
cause of his scientific renown he was able to 
keep his job while others left the country. 
But faced with the expectation that he would 
dismiss coworkers because of their ethnic 
background or political beliefs, Franck de- 
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James Franck, the German physicist awarded the Nobel prize in 1925, in his laboratory. Franck is best known outside the 


realm of physics as the author of the Franck Report. This document was written under the veil of secrecy that covered the 


U.S. atomic bomb project. (Bettmann/ Corbis) 


cided to resign his professorship at the Uni- 
versity of Gottingen. Soon he left Germany, 
first joining Niels Bohr in Copenhagen, and 
then accepting a professorship at Johns Hop- 
kins University in the United States. During 
World War II, Franck joined many of his 
émigré colleagues in the secret project to 
build the atomic bomb. 

Franck is best known outside the realm of 
physics as the author of the Franck Report. 
This document was written under the veil of 
secrecy that covered the U.S. atomic bomb 
project. Many of the scientists who worked 
on the bomb believed that they were doing so 
because Adolf Hitler (1889—1945) himself 
was pursuing such a weapon. After Germany 
surrendered, Franck and others drafted a re- 
port arguing against its use against Japan. 


This new weapon would have ramifications 
beyond its military use, and the scientists 
urged the government to consider carefully 
the long-term political consequences of using 
the atomic bomb without warning. The writ- 
ing of the Franck Report marked the begin- 
ning ofa growing consciousness in the United 
States of the connections between science 
and social responsibility. 


See also Manhattan Project; Physics; Quantum 
Theory; Social Responsibility; Szilard, Leo 
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Freud, Sigmund 

(b. Freiberg, Moravia [later 
Czechoslovakia], 1856; d. London, England, 
1939) 

Sigmund Freud was the founder of psy- 
choanalysis and proved to be the most influ- 
ential writer about the unconscious mind in 
the twentieth century. He received a medical 
degree from the University of Vienna in 1881 
and took a position as a doctor in a hospital. 
He also set up a private practice to treat psy- 
chological disorders such as hysteria; from his 
patients came the evidence used for many of 
his theories about human psychology. Freud 
eventually believed that he was creating a 
new science, and he attempted to keep his 
work as “scientific” as possible, tying it to bi- 
ology and physiology when he could. He 
even applied the law of conservation of en- 
ergy, from physics, to mental processes. Yet 
he also determined that psychology required 
its own vocabulary, because its largely unex- 
plored territory resisted simple identification 
with physical or biological processes. Freud 
turned to data that could not be quantified: 
dreams and fantasies. Subjecting such phe- 
nomena, which existed purely in the mind, 
to rigorous analysis formed the basis of psy- 
choanalysis. 

In the late nineteenth century, Freud 
worked to treat victims of hysteria, using 
techniques such as hypnosis. He and his col- 
league Josef Breuer (1842—1925) determined 
that many neuroses originated in traumatic 
experiences from early life that had somehow 
been forgotten. Through his clinical practice, 
Freud recorded what he came to call the 
workings of the “unconscious” mind. Part of 


the role of psychoanalysis, when treated as a 
therapy, was to bring the elements of the 
“unconscious” mind into consciousness, to 
better understand the conflicts that influence 
human thought and activity without the per- 
son knowing it. In 1900, he published The In- 
terpretation of Dreams, which became a seminal 
work in the history of psychoanalysis. Not 
only did it include his ideas about the uncon- 
scious and the conscious, it also revealed 
Freud’s tendency to view many psychological 
conflicts as rooted in sexuality. After estab- 
lishing dream interpretation as the corner- 
stone of psychoanalysis, Freud published 
Three Essays on the Theory of Sexuality in 1905. 
Here he analyzed the development of the li- 
bido (sexual drive), drawing connections be- 
tween its development and the formation of 
character traits. The libido, according to 
Freud, was the most important natural moti- 
vating force in life. 

Freud’s emphasis on sexuality alienated 
many of his colleagues, including Breuer, and 
initially his work was not received with en- 
thusiasm. He described human instincts, of 
which there were many, in two general cate- 
gories: life (Eros) instincts and death 
(Thanatos) instincts. The death instincts in- 
cluded destructive impulses and aggression, 
whereas the life instincts were oriented not 
only toward self-preservation but also to- 
ward erotic desire. By defining these cate- 
gories broadly, Freud gave an unprecedented 
importance to sexuality, which seemed scan- 
dalous at the time. Gradually, however, his 
ideas became influential, and he embarked on 
a lecture tour in the United States, which cul- 
minated in his 1916 book, Five Lectures on Psy- 
cho-Analysis. Freud’s work entered popular 
culture, with references to the unconscious 
mind—“Freudian slips” referred to misstate- 
ments that perhaps reflected unconscious de- 
sires, and the “Oedipus complex” came to de- 
scribe father-son antagonism as competition 
for the love of the wife/mother. 

In his 1923 book, The Ego and the Id, Freud 
extended these ideas further, constructing a 





The founder of psychoanalysis, Sigmund Freud proved to be 


the most influential writer about the unconscious mind in 


the twentieth century. (Library of Congress) 


theory of the mind based on the id, the ego, 
and the superego. The id represented instinct, 
the great sexual motivating force. The super- 
ego was based on external influences through- 
out life, and sought to control or limit the de- 
of the id. Both 
unconscious. The ego was the conscious 


sires of them were 
mind, representing the tension between in- 
stinct and control, the “self” that must satisfy 
the demands of each. The key concepts of 
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Freudian psychoanalysis derived from the dy- 
namic relationships among these three aspects 
of the mind. “Repression,” for example, oc- 
curs when a strong instinctive desire comes 
into conflict with an even stronger value of 
the superego; to avoid traumatic conflict, the 
desire is pushed into the unconscious. A boy’s 
erotic desire for his mother is the classical ex- 
ample of this; when the superego finds such 
thoughts detestable, it is repressed. 

Freud’s conception of psychoanalysis, de- 
spite its influence, sparked rival schools of 
thought and competing interpretations. In 
particular, two of his most noted followers, 
Alfred Adler (1870-1937) and Carl Jung 
(1875-1961), ultimately broke with him and 
developed their own interpretations of the 
meaning of the unconscious. All of them be- 
lieved that they were laying the groundwork 
for a new science. Freud continued his work 
in Vienna well into the 1930s. However, the 
politics of Austria swayed toward Nazism in 
the late 1930s, culminating in annexation by 
Germany. Because he was a Jew, Freud de- 
cided to leave Austria and move to England. 
He died of cancer there in 1939. 


See also Jung, Carl; Psychoanalysis; Psychology 
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Game Theory 

Game theory sprung from efforts by mathe- 
maticians to identify rational choices in dif- 
ferent scenarios. In 1921, Emile Borel 
(1871—1956) of France published on Ja theo- 
rie du jeu (the theory of the game), in which 
he discussed aspects of bluffing in poker. Also 
in the 1920s, Hungarian mathematician John 
Von Neumann (1903—1957) took up the 
question of determining best strategies; his 
1928 article, “Zur Theorie der Gesellschaft- 
spiele” (“On the Theory of Party Games”), 
provided a proof of the minimax theorem, 
attracting great interest to game theory. 
Through Von Neumann’s work, especially 
after he immigrated to the United States 
prior to World War II, game theory became 
a major field of study for mathematicians, 
and game theory has been applied widely to 
myriad aspects of society, such as economic 
theory and military strategy. 

Von Neumann developed the minimax 
theorem to provide a rational choice in zero- 
sum games, in which the total amount to be 
won is static; in other words, a gain for one 
player is a loss for the other. Such games in- 
volve only two players. Von Neumann rea- 
soned that, in situations where one player is 
at a slight disadvantage and must choose a ra- 
tional action, one can identify an equilibrium 


choice that fits the self-interest of both play- 


ers. Player A knows that Player B will always 
be able to minimize Player A’s gains and 
maximize his own. Given the range of op- 
tions that Player A has, he always will choose 
the one that maximizes what would be left 
after Player B acts to minimize it. This is the 
essence of Von Neumann’s minimax theo- 
rem. Player A has to avoid the worst and sal- 
vage what he can; in a zero-sum game, this 
also means minimizing the benefits to one’s 
opponent. The rational choice is determined 
by both players’ self-interest. Take a familiar 
example: The best way to divide a piece of 
cake between two children is to ask one to 
cut the piece (Player A) and the other to 
choose (Player B). Player A would never cut 
himself a huge piece, although it might be 
tempting, because Player B would choose it 
for himself. In fact, Player A always will end 
up with the smaller portion, but by cutting 
the cake as evenly as possible, he will maxi- 
mize his minimum, and also minimize his op- 
ponent’s maximum. 

Von Neumann felt that game theory could 
have applications in human interactions, par- 
ticularly economics, where “utility” already 
was a crucial aspect of predicting what people 
and markets would do. He found a sympa- 
thetic listener in economist Oskar Morgen- 
stern (1902-1976). They published their 
lengthy (some 600 pages) book, Theory of 
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Games and Economic Behavior, in 1944. The re- 
lationship between economic principles and 
game theory had never been explicitly out- 
lined, and this book became a classic of game 
theory. 

Some mathematicians believed that game 
theory could be developed further, and equi- 
librium solutions reached for many situations 
(or “games”). These ideas were pursued vig- 
orously not only in university settings but 
also in institutions such as the RAND Corpo- 
ration, with close ties to the military. The 
most challenging games would be those in 
which both players do not play in turns, but 
rather they must make their decisions simul- 
taneously; such games grow more complex 
when they are not zero-sum, and the payoffs 
for each player are uneven. These scenarios 
require an analysis of the self-interest of each 
player and an evaluation of whether one’s op- 
ponent will cooperate or cheat. Massachu- 
setts Institute for Technology mathematician 
John Nash (1928—), a consultant at the 
RAND Corporation, determined that equi- 
librium solutions could be determined even 
for games that were not zero-sum and were 
played simultaneously. Nash found that 
“equilibrium points” could be identified in ra- 
tional players’ strategies given a range of di- 
vergent outcomes. 

Game theory captivated mathematicians, 
politicians, and military leaders in the years 
following World War II. As the political 
confrontation with the Soviet Union grew 
more intense, U.S. theorists started to cast 
their views of global strategy in terms of 
game theory. Assuming that the United 
States and Soviet Unions were rational, what 
should each do? The simplified Cold War 
view divided the world into the “free world” 
and the “Communist world,” each compet- 
ing for the countries on the globe. Losses for 
one side automatically were gains for the 
other. In the parlance of game theory, this 
seemed like a zero-sum game, where the 
total amount to be won always remained di- 
vided between the two camps. In such a 
game, cooperation is not possible. Bertrand 


Russell (1872—1970), a mathematician, 
philosopher, and (occasionally) pacifist, ob- 
served in the early years of the Cold War 
that the United States might be better off de- 
claring war early; it would be a disaster, but 
without consequences as horrible were the 
United States to wait until both countries 
had larger nuclear stockpiles. Preventive 
war appeared to be a natural application of 
the minimax theorem. 


See also Cold War; Mathematics; Russell, 
Bertrand 

References 

Macrae, Norman. John Von Neumann. New York: 
Pantheon, 1992. 

Nasar, Sylvia. A Beautiful Mind: A Biography of John 
Forbes Nash, Jr., Winner of the Nobel Prize in 
Economics, 1994. New York: Simon & 
Schuster, 1999. 

Poundstone, William. Prisoner’s Dilemma: John Von 
Neumann, Game Theory, and the Puzzle of the 
Bomb. New York: Anchor Books, 1992. 

Weintraub, E. Roy, ed. Toward a History of Game 
Theory. Durham, NC: Duke University Press, 
1992. 


Gamow, George 
(b. Odessa, Russia, 1904; d. Boulder, 
Colorado, 1968) 

George Gamow began his career as a 
physicist in the Soviet Union, attracted to the 
new theoretical physics coming from Ger- 
many, such as Albert Einstein’s (1879—1955) 
theories of relativity and others’ work on 
quantum physics. He traveled to Gottingen, 
Germany, in 1928, where he made a name 
for himself through a peculiar theory of alpha 
particles. According to the prevailing view of 
the atom, and according to classical physics, 
it seemed impossible for an alpha particle to 
be able to escape the nucleus. Its positive 
charge seemed to exclude the possibility of it 
moving through the barrier surrounding the 
nucleus. And yet scientists had detected alpha 
decay, or the release of alpha particles. This 
presented a major contradiction between 
theory and observation. Gamow’s accom- 
plishment was in explaining this process 


through quantum mechanics, which de- 
scribes the particle’s motion as a complicated 
wave function and, more important, pro- 
vided a mathematical demonstration of the 
possibility of movement through the barrier. 
lighthearted imagery, 
Gamow described this as the alpha particle 
“tunneling through” the barrier, thus allow- 


ing for alpha decay. 


In characteristic 


Gamow’s subsequent career spanned nu- 
merous leading laboratories in several coun- 
tries: He worked with Danish physicist Niels 
Bohr (1885—1962) at the Copenhagen Insti- 
tute for Theoretical Physics and with Ernest 
Rutherford (1871—1937) at the Cavendish 
Laboratory in Cambridge, England; later he 
worked briefly at the Pierre Curie Institute in 
Paris. He periodically returned to the Soviet 
Union, but in 1931 he was denied a visa to 
leave again. After two years as a professor of 
physics at the University of Leningrad, he 
managed to get permission to take his wife to 
attend the Solvay Conference (for physics) in 
Brussels, Belgium. Once safely away from his 
country of birth, he decided to use the con- 
ference as an opportunity to leave the Soviet 
Union permanently. In 1934 he became a 
professor of physics at George Washington 
University, in Washington, D.C., where he 
remained for over two decades. 

Although Gamow continued to work 
briefly on nuclear theory (he published on 
beta decay in the mid-1930s), most of his 
subsequent efforts turned toward astronomy 
and cosmology. Gamow applied his knowl- 
edge of nuclear processes to the evolution 
and energy production of stars. He approved 
of the theory of the expanding universe es- 
poused by Edwin Hubble (1889—1953), and 
the “big bang” idea formulated by Georges 
Lemaître (1894—1966). Gamow proposed 
the existence of a primordial state of the uni- 
verse prior to the “big bang,” which he named 
“ylem” and described as a mixture of protons, 
neutrons, electrons, and high-energy radia- 
tion. He believed that an explosion would 
have given birth to light elements in the first 
few moments after the “big bang,” as temper- 
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George Gamow in his apartment at the University Club, 


revising material for a college textbook. (Bettmann / Corbis) 


atures cooled enough to keep subatomic par- 
ticles together. He showed his sense of 
humor when in 1948 he published his views 
with colleagues Ralph Alpher (1921—) and 
Hans Bethe (1906—). Although Bethe had 
nothing to do with the work, he let his name 
be used to allow it to become known as the 
Alpher-Bethe-Gamow article. This joke 
makes the work memorable, because it re- 
sembles the first three letters of the Greek al- 
phabet: alpha, beta, gamma. 

This lighthearted approach to science led 
Gamow to publish many popular works that 
tried to put difficult scientific ideas into 
terms readily understandable to a lay audi- 
ence. He wrote nearly thirty books, most of 
them written to popularize science. For these 
efforts he was awarded the Kalinga Prize in 
1956 by the United Nations Educational, Sci- 
entific, and Cultural Organization. 


See also Big Bang; Physics; Quantum Mechanics; 
Solvay Conferences; Soviet Science 
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Genetics 

The history of genetics in the twentieth cen- 
tury began with the rediscovery of Gregor 
Mendel’s (1822-1884) laws of inheritance 
by researchers such as Hugo De Vries 
(1848—1935). Gregor Mendel lived and died 
in obscurity, in the nineteenth century. His 
experiments with garden peas demonstrated 
that some characteristics did not blend, but 
rather were transmitted whole from one gen- 
eration to the next, even if they did not visi- 
bly manifest themselves. A short variety of 
pea, for example, could be bred with a tall 
variety and the result might be tall or short, 
but not a blend of the two. One of the char- 
acteristics would dominate the other, leading 
to all the offspring plants being tall, but both 
“tall” and “short” characteristics would be 
passed on. After crossbreeding the offspring 
plants, about three-fourths of the next off- 
spring would be tall, and a fourth of them 
would be short. This 3:1 ratio became the 
cornerstone of Mendelian genetics, because 
it assigned a mathematical law to the inheri- 
tance of characteristics. 

The immediate controversy about genetics 
arose from disagreements between geneticist 
William Bateson (1861—1926) and the bio- 
metricians Karl Pearson (1857-1936) and 
Walter F. R. Weldon (1860—1906). It was 
Bateson who coined the term genetics to de- 
scribe the mathematical laws of inheritance, 
and the term gene came into currency over 
subsequent years to describe the carrier of 
characteristics, though the term often was 
defined vaguely. The main point of con- 
tention was variation in evolution: Was it 


continuous, as the biometricians would have 
it, or did it proceed in “jumps,” or mutations, 
as the geneticists insisted? The methodology 
of the biometricians was statistical; they 
hoped to show that natural selection based on 
continuous variation could act on large popu- 
lations. Geneticists denied the possibility. 
The intensity of the conflict was fueled by 
personal animosity between Bateson and 
Weldon, deriving in part from their institu- 
tional bases and their career ambitions, and 
their argument created a rift between the 
Darwinians and the Mendelians. 

Despite the important work of the biome- 
tricians, the discontinuous nature of change 
was strengthened by genetics studies. After 
making Mendel’s work widely known, De 
Vries proposed a theory about discontinuous 
change, noting that mutations could be re- 
sponsible for producing changes in popula- 
tions, and those mutations would then be 
subject to Mendelian laws of inheritance. 
Wilhelm Johannsen (1857—1927), who used 
the term gene in 1909, also conducted studies 
of hybridization. He had identified in 1903 
what he called “pure lines,” which were con- 
cealed by the range of perceived variability in 
any given hybrid. Pure lines did not change, 
but individual organisms might appear differ- 
ent because of environmental factors. This 
concept diminished the importance of per- 
ceived continuous variation, dismissing it as 
ephemeral. Most variation, according to Jo- 
hannsen, was within the range of variability 
for any given pure line, and thus was not 
truly fundamental change. Only through mu- 
tation—the creation of a new pure line, with 
its own range of variation—could a true 
change occur. Johannsen’s 1905 Elements of 
Heredity became an influential reference work 
strengthening Mendelism against the advo- 
cates of continuous change. 

In the United States, genetics received a 
serious boost from the work of Thomas Hunt 
Morgan (1866—1945) and his colleagues in 
the “fly room” at Columbia University. The 
Carnegie Institution of Washington funded 
this work beginning in 1906, and the work 





Thomas Hunt Morgan with a microscope in his laboratory, 


with diagrams of fruit flies on the wall. (Bettmann/ Corbis) 


continued when Morgan moved to the Cali- 
fornia Institute of Technology in 1928. Ex- 
periments with the fruit fly, or Drosophila 
melanogaster, demonstrated the transmission 
with the 
Mendelian ratios, while also revealing muta- 


of characteristics expected 
tions in the flies and the action of natural se- 
lection upon their survival. Morgan and his 
students, such as Alfred H. Sturtevant 
(1891—1970), became the leading figures in 
modern genetics in the 1910s and 1920s. 
Morgan’s work was crucial in understanding 
the roles of chromosomes, microscopic enti- 
ties that he believed were the carriers of ge- 
netic information. Morgan noted that these 
chromosomes were mobile and could segre- 
gate and pair off; the ramifications of this 
phenomenon became the focus of most ge- 
netics research until the 1930s. 

The possibility of seeing natural selection 
at work on the fruit flies made Morgan’s 
work the beginning of the reconciliation be- 
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tween Darwinism and genetics. With the 
waning influence of earlier antagonists such 
as Bateson, Pearson, and Weldon, new re- 
searchers bridged the gap between these two 
fields, finding ways to incorporate saltative 
(discontinuous) change into a population- 
scale conception of Darwinian natural selec- 
tion. Theodosius Dobzhansky (1900—1975) 
joined Morgan’s group in 1927, having come 
from the Soviet Union, and began work 
on bringing the two views together. One of 
his principal findings was that the large 
number of genes possessed by humans could 
provide an adequate explanation of adapta- 
tion to changing environments. His ideas 
culminated in the 1937 work, Genetics and the 
Origin of Species. Along with population 
geneticists Sewall Wright, Ronald A. 
Fisher (1890—1962), and J. B. S. Haldane 
(1892—1964), Dobzhansky helped to create 
a new synthesis based largely on the methods 
of two previous archenemies, namely, the 
biometricians and the geneticists, allowing 
reconciliation between Darwinian and 
Mendelian outlooks. 

In the 1940s, work on genetics was not 
exclusively concerned with developmental 
issues. Even the traditional species of study 
was abandoned. In 1941, researchers led by 
George Beadle (1903—1989) turned away 
from fruit flies and explored the connections 
between genetics and biochemistry. Work- 
ing with Neurospora, a mold, he produced bio- 
chemical mutants (through irradiation) and 
observed how the new mutants disrupted the 
expected chemical reactions. Beadle and col- 
leagues Edward Tatum (1909—1975) and 
Joshua Lederberg (1925—) later won the 
1958 Nobel Prize in Physiology or Medicine 
for their work, which showed how genes act 
as regulators in biochemical processes. The 
concept that the function of a gene is to di- 
rect the formation of a single enzyme, for- 
mulated by Beadle and Tatum, became 
known as the “one gene, one enzyme” princi- 
ple. Other important discoveries followed. 
In 1944, Barbara McClintock (1902—1992) 


discovered “jumping genes,” a name given 
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the phenomenon of genes reconfiguring 
themselves on chromosomes (she won the 
1983 Nobel Prize in Physiology or Medicine 
for this work). In 1943, X-ray diffraction 
techniques yielded the first visual representa- 
tion of deoxyribonucleic acid (DNA). In 
1944, Oswald Avery (1877-1955), Colin 
MacLeod (1909-1972), and Maclyn Mc- 
Carty (1911—) identified DNA as the agent 
controlling the nature of cells (rather than 
proteins, as previously believed). DNA thus 
became the key to understanding how bio- 
logical specificity is transmitted from parent 
to offspring. They suggested that genes were 
in fact made from DNA. The 1953 identifica- 
tion of DNA’s structure as a double helix by 
James Watson (1928—) and Francis Crick 
(1916—), along with their outlines of the 
pathways of genetic transmission, provided 
powerful tools for geneticists in the second 
half of the twentieth century. 


See also Bateson, William, Biometry; 
Chromosomes; DNA; Evolution; Johannsen, 
Wilhelm; McClintock, Barbara; Morgan, 
Thomas Hunt; Mutation; Rediscovery of 
Mendel 
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Geology 

Geology, the study of the earth, was a branch 
of natural history. Its sources of information 
were rocks and the fossils found in them. The 
majority of the important controversies in 
geology were debated before the twentieth 
century, particularly debates about the devel- 
opment of the earth. The eighteenth-century 
concepts of Neptunism and Vulcanism, for 


example, each posited different visions of 
geological development, one based on peace- 
ful sedimentation from a primordial ocean 
and the other based on violent change with its 
source in the earth’s interior. By the end of 
the nineteenth century, most geologists 
accepted the view of Charles Lyell 
(1797-1885) that geological history was 
quite long, that the earth’s changes still were 
in progress, and that such change was grad- 
ual, requiring no major cataclysms to pro- 
duce meaningful change. 

By 1900, geological time was somewhat 
established, but controversial. The geological 
epochs were recorded in strata, in the differ- 
ing kinds of rocks layered on top of each 
other. These strata were most obvious in 
mountainous regions where portions had 
fallen away, exposing the strata like layers of 
a cake, or similarly in canyons where erosion 
provided very clear evidence of stratification 
over time. Although the periods—Quater- 
nary, Tertiary, Cretaceous, etc.—had been 
defined already, the relative life spans of each 
had not. The only reliable source on any esti- 
mation of earth ages was William Thomp- 
son’s (Lord Kelvin) (1824—1907) nine- 
teenth-century calculation of the age of the 
entire earth, based on the recently formu- 
lated laws of thermodynamics. Because the 
earth released heat, it was in the process of 
cooling; its present age could be calculated 
based on the rate of heat flow. This proved 
controversial because Kelvin’s estimate was 
very short—too short to fit with the long- 
term, gradualist views both of geological 
change and the evolution of species. The con- 
troversy did much to discredit geology, be- 
cause geologists’ own views contradicted the 
laws of physics. But the age of the earth and 
the age of particular rock strata were revised 
after the discovery of radioactivity, and ra- 
dioactive dating was developed over the first 
decades of the twentieth century. The pres- 
ence of radioactivity required revision of 
Kelvin’s estimate, because radioactivity was a 
heat source that had not been known and had 
not entered into his calculations; thus the age 
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The drawings in Alfred Wegener’s book, The Origin of Continents and Oceans, tried to show the jigsaw fit of 


continents. (Library of Congress) 


of the earth could be extended dramatically. 
The discovery of radioactivity saved geologi- 
cal theories from the constraints placed on 
them by nineteenth-century physics. 
Another controversy was the theory of 
continental drift, which was firmly rejected 
by most major geologists. Alfred Wegener 
(1880-1930) believed that the apparent jig- 
saw fit of South America and Africa was no 
coincidence and proposed in 1915 that there 
had once been a giant supercontinent called 
Pangaea (meaning “all-earth”). Most dis- 
missed his views, largely because there was 
no known mechanism for moving such huge 
masses of land horizontally across the surface 
of the earth. Once again it was physics that 
stood in the way, and British physicist Harold 
Jeffreys (1891-1989) derided geologists who 


tried to jostle continents without due atten- 


tion to the laws of physics. The exceptions to 
such skeptics were British geologist Arthur 
Holmes (1890-1965) and South African ge- 
ologist Alexander Du Toit (1878—1948), 
both of whom argued in the 1930s that the 
objections to Wegener’s ideas could be over- 
come. Holmes argued that if the heat flow of 
the earth’s interior could be considered as 
convection rather than conduction, thus re- 
quiring the physical movement of hot masses, 
convection currents in the earth might pro- 
vide a mechanism for continental motion. Du 
Toit, working in South Africa, noted the fos- 
sil similarities between those in his homeland 
and those in countries he visited in South 
America and was convinced that the two con- 
tinents once had been connected. In 1937, he 
published a book entitled Our Wandering Con- 
tinents, in which he proposed the prehistoric 
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existence of two vast supercontinents (differ- 
ing from Wegener, who proposed only one), 
called Gondwanaland and Laurasia. Du Toit’s 
evidence failed to attract the support of lead- 
ing geologists in Europe and North America. 

Aside from these controversies (the age of 
the earth and continental drift), most of geol- 
ogy during the first half of the twentieth cen- 
tury was descriptive and local, entailing few 
all-encompassing theoretical contributions. 
In the United States, for example, the Geo- 
logical Society of America had been founded 
in 1888, and it continued to support descrip- 
tive work for the benefit of both science and 
society, usually for business interests. One of 
the strongest fields of endeavor was eco- 
nomic geology, which was oriented toward 
surveys of minerals and petroleum reser- 
voirs. Such work was well funded and perva- 
sive, especially in the United States, where 
nineteenth-century geological surveys had 
only begun to assess the vast natural re- 
sources available to Americans. Some of the 
research used new geophysical methods, such 
as seismology, to penetrate the interior of the 
earth. 

Many of the fundamental changes in geol- 
ogy occurred after World War II, when geo- 
physical techniques were combined with the 
relatively new field of marine geology to har- 
vest interesting and often baffling informa- 
tion about the ocean floor. MIDPAC, one of 
the first deep-sea expeditions to emphasize 
marine geology, was launched by the Scripps 
Institution of Oceanography (in California) in 
1950. The scientists were surprised to find 
that the sea floor was younger than previ- 
ously thought, making it geologically distinct 
from the continents. A major reevaluation of 
the nature and origins of the sea floor then 
began, which would in the next two decades 
revive of the idea that continents might be 
mobile. 


See also Age of the Earth; Carbon Dating; 
Continental Drift; Geophysics; Jeffreys, 
Harold; Seismology; Oceanography; 
Patronage; Wegener, Alfred 
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Geophysics 

Geophysics, the physics of the earth, ex- 
plores processes in the earth and the forces 
that cause them. In the early twentieth cen- 
tury, studies in geophysics typically concen- 
trated in three areas: seismology, magnetism, 
and gravity. Often the scientific efforts were 
devoted to measurement rather than com- 
prehensive study, and such activities more 
aptly were called geodesy, which combined 
measurement of the earth with applied math- 
ematics. But the two went hand in hand, and 
the end goal was twofold: better understand- 
ing of the earth’s interior, and better use of 
science to exploit resources. 

Seismology initially was strongest in Ger- 
many. Seismologists used the speed and tri- 
angulation of sound waves to understand the 
composition of the earth. At the University 
of Gottingen, Emil Wiechert (1861—1928) 
had proposed in the 1890s that the earth pos- 
sessed an iron core. German imperialism 
helped to create a seismological network, 
connecting Germany to Samoa and parts of 
China; the Germans also coordinated their 
work with U.S. stations. One of Wiechert’s 
students, Beno Gutenberg (1889-1960), in 
1914 developed a three-part model of the 
earth, with two shells surrounding a core. 
Wiechert strove to expand the study of seis- 
mology by creating a worldwide network of 
seismology stations, as well as creating the 
Geophysical Institute at the University of 
Göttingen. Seismological stations were built 


in other countries as well, including Japan, 
Russia, and the United States; in the last, Je- 
suit scholars played the leading role in con- 
structing a useful seismic network. 

Another important pursuit in geophysics 
was the investigation of terrestrial magne- 
tism. British physicist Arthur Schuster 
(1851—1934) attempted to evaluate its cause 
in the first decades of the century, believing 
that the answer lay in understanding the dif- 
ferences between the earth’s geographic 
poles and magnetic poles. He sought to iden- 
tify the relationship by simulating in a labo- 
ratory the pressures at work in the earth, but 
he arrived at no conclusions. In 1919, Joseph 
Larmor (1857-1946) proposed that the 
sun’s magnetism could result from convec- 
tion deep within it, causing it to act like a 
giant dynamo, generating electric currents 
(and thus an electromagnetic field). Apply- 
ing this theory to the earth generated pro- 
dynamo and anti-dynamo theories in the 
1920s. The anti-dynamo theorists carried 
the day until 1939, when German émigré 
(then in the United States) Walter Elsasser 
(1904-1991) began to suggest persuasively 
that the earth’s core could indeed produce a 
dynamo effect. 

Beginning in the 1920s, scientists increas- 
ingly used geophysical methods to exploit the 
earth’s resources, not just for mining pur- 
poses but also in search for sources of oil. 
Not only were seismic techniques used, but 
also a simple pendulum apparatus could 
measure gravitation and thus gain further un- 
derstanding about the character of subsurface 
rocks and potential reservoirs of petroleum. 
Several types of gravimeters were used in the 
1930s, including ones based on gas pressure; 
their technology developed quickly, spurred 
by the financial opportunities of oil prospect- 
ing. Dutch geophysicist Felix Andries Vening 
Meinesz (1887—1966) even used a pendulum 
gravimeter aboard a submarine on an expedi- 
tion in 1928 backed by the U.S. Navy, which 
hoped to avoid reliance on oil imports in time 
of war. 


Geophysics 127 

Training in geophysics was a somewhat 
haphazard process; only after World War II 
would geophysics itself become a common 
independent field of study. Those interested 
in the topic typically had been educated in 
other fields, such as physics or geology; par- 
ticular emphasis depended on the traditions 
of the national setting. German geophysicists 
focused on physics and magnetism, for exam- 
ple, while the British tended to focus on 
earth structure or measurements of the 
earth’s surface—geodesy. In North America, 
the approach was largely seismological, 
owing especially to the number of earth- 
quakes in the vicinity of the California Insti- 
tute of Technology in Pasadena and the Uni- 
versity of California in Berkeley. Often 
geophysical research was relegated to geol- 
ogy departments, where it was part of the 
“petroleum geology” curriculum. Despite 
growing appreciation for geophysics, by the 
1930s few universities offered broad training 
in it, except in Germany; in fact, most of the 
leaders in geophysics in the 1940s and later 
could trace their intellectual lineage back to a 
major German university. 

Organizations to facilitate collaboration 
among scientists in disparate geographic re- 
gions were created in the early twentieth 
century. Some of these were based on im- 
perial relationships, as in the case of Ger- 
many’s seismological network. Others were 
based on the idea of international coopera- 
tion. The International Association of Seis- 
mology was founded in 1899, and its first 
international conference was held two years 
later. After World War I, the International 
Union of Geodesy and Geophysics was es- 
tablished (1919) to promote cooperation 
and forge intellectual ties across political 
boundaries. In 1932—1933, scientists orga- 
nized the second International Polar Year in 
order to carry out simultaneous investiga- 
tions of geophysical studies (and other kinds 
of scientific work) at the poles. In 1950, an- 
other such venture was conceptualized by 
U.S. and British scientists as a way to use 
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new technology developed during World 
War II, and to promote international coop- 
eration. This project, called the Interna- 
Geophysical 
1957—1958 encompass a broad range of 
geophysical observations throughout the 


tional Year, would in 


world and include more than sixty nations. 


See also Colonialism; Continental Drift; 
Geology; Gutenberg, Beno; Mohorovičić, 
Andrija; Patronage; Richter Scale; 
Seismology 
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Gödel, Kurt 

(b. Brünn, Austria-Hungary [later Brno, 
Czech Republic],1906; d. Princeton, New 
Jersey, 1978) 

For contributions in the fields of logic and 
mathematics, few thinkers of the twentieth 
century could rival Kurt Gödel. He received 
his doctorate from the University of Vienna 
in 1929, studying under Hans Hahn 
(1879—1934). The next year he proposed a 
theorem that challenged the prevailing no- 
tion that all mathematics could be reduced to 
axioms. His ideas informed the development 
of not only mathematics and logic, but also 
computers and artificial intelligence. 

At the Second Conference on Epistemol- 


ogy of the Exact Sciences, held in Königs- 
berg, Germany, in 1930, Gödel first pub- 
licly announced his “incompleteness” theo- 
rem. It would soon make him well known 
beyond the confines of Vienna. The theo- 
rem held that any axiomatic system must 
contain propositions that cannot be proven 
(or refuted) using the rules of the system. 
This held true not only for complex mathe- 
matics, but also for the most basic whole 
number arithmetic. Mathematicians had as- 
sumed that the elusive logical proofs of 
mathematical relations within any such sys- 
tem could eventually be found, using the 
rules of the system itself. Leading mathe- 
matician David Hilbert (1862—1943) advo- 
cated “formalism,” a methodology that 
avoids reference to implications or mean- 
ings outside of a given system. But Gédel’s 
theorem indicated the opposite; for him, 
logic forbade the possibility of proving the 
truth or falsity of all statements using only 
the terms of the system itself. 

Gédel’s paper on incompleteness was 
published in 1931, and the results were ac- 
cepted by almost everyone. But part of the 
reason for this was that few understood its 
implications. There were notably excep- 
tions, such as John Von Neumann 
(1903-1957), who pulled Gödel aside dur- 
ing the initial conference to discuss the ram- 
ifications for mathematical proofs. Gédel’s 
challenge to Hilbert’s formalist program set 
Von Neumann thinking about the nature of 
rationality, and Gédel was a major influence 
on his own work. But only slowly did other 
mathematicians work out the implications 
and ask the question: Does this mean that 
the outstanding problems of mathematics, 
which have plagued the best minds for cen- 
turies, are in fact not solvable? Or was 
Gédel’s theorem simply a logician’s trick 
posing no serious problems for the mathe- 
matician? At the very least, Gédel’s work 
seemed to indicate that mathematics could 
not be reduced to a set of fixed axioms. 
Given any set of axioms, statements could 
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Mathematician Kurt Gödel (second from right) was the co-recipient with Julian Schwinger (right) of the first Albert Einstein 
Award for Achievement in the Natural Sciences. (Bettmann / Corbis) 


be made that the axioms neither prove nor 
disprove. One controversial implication of 
Gédel’s work was in the area of computers. 
Because computers must be programmed 
with a set of axioms, they cannot recognize 
some truths that are readily understood by 
human beings. Therefore, some have con- 
cluded, artificial intelligence always shall 
have severe inherent limitations. 
Dissatisfied with the Nazi regime, Gödel 
left his home and traveled to the United 
States in 1940 (by way of the Soviet Union 
and Japan). In 1953, he became a member of 
the Institute for Advanced Study at Princeton 
University, joining such scientific luminaries 


as Albert Einstein (1879—1955). He later be- 
came increasingly paranoid, convinced that 
someone wanted to poison him. He was 
afraid to eat and eventually he died of mal- 
nourishment at the unhealthy weight of some 
sixty pounds. 


See also Computers; Mathematics; Philosophy of 
Science 
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Great Depression 

In some ways, the 1930s were the golden 
years of science, particularly in physics. The 
discovery of neutrons, artificial radioactivity, 
and a host of other findings about the atom 
led to major new avenues of research, several 
Nobel Prizes, and ultimately the atomic 
bomb. But the economic hardship of the 
Great Depression in the 1930s also trans- 
formed the nature of scientific activity and its 
place in society. 

Although individuals could not necessarily 
pursue science because of economic and po- 
litical difficulties, science itself continued to 
inform major events. The Depression made 
scientific careers, like most jobs, difficult to 
find and pursue. Ernest Rutherford’s 
(1871-1937) belief that scientists in Britain 
could still do a great deal of physics with wax 
and string was taken rather seriously during 
these lean years. Despite the economic crisis, 
physicists had plenty of research questions to 
answer, grappling with the theoretical con- 
tributions of the 1920s made largely by Ger- 
man scientists. Still, about 80 percent of col- 
lege graduates in Germany who received 
technical degrees in 1932 had to find em- 
ployment outside of the engineering fields 
for which they had been educated. The rise of 
Nazism, itself a product of the economic 
hardship of the interwar years, changed the 
character of science in Germany consider- 
ably, as scores of Jews were fired from their 
posts and fled the country. The Nazis them- 
selves tried to reaffirm the importance of sci- 
ence and technology (particularly concepts 
such as Social Darwinism) as a means to lift 
Germany out of the economic and social 
morass in which they believed it had fallen. 

In the United States, the Great Depression 
reshaped patronage practices and forced a 
reevaluation not only of scientific prestige 
but also of the allegedly progressive trajec- 
tory of a “scientific” society. The U.S. gov- 
ernment in the late 1920s forged links be- 
tween itself and private industries to 
cosponsor scientific research for the stimula- 
tion of enterprise and the national interest. 


Under President Herbert Hoover (1874— 
1964), the Department of Commerce 
became a wide-ranging quasi-scientific 
organization. But state-supported scientific 
activities faltered in the early years of the 
Depression, cut out of the national budget by 
Franklin Roosevelt’s (1882—1945) New 
Dealers. Congress cut the budgets of federal 
scientific agencies by some 12.5 percent on 
average; the National Bureau of Standards 
alone lost 26 percent of its budget between 
1931 and 1932. The following year, the 
Bureau of Standards fired nearly half of its 
technical staff. The story was much the same 
in industry. About half of the research per- 
sonnel at General Electric and AT&T were 
laid off. Patronage for science from philan- 
thropic bodies such as the Rockefeller Foun- 
dation also suffered. Donations dropped off, 
and investment incomes diminished drasti- 
cally. University salaries were cut, and re- 
search positions disappeared. 

Along with the general hardship came a 
reassessment of the value of science. The 
association between scientific research and 
productivity was not questioned; but over- 
production appeared to be part of the prob- 
lem. For government programs, Roosevelt 
concentrated on those for relief, recovery, 
and reform. Scientists tried to convince gov- 
ernment patrons that science could provide 
much-needed jobs, but they were not partic- 
ularly successful. Part of the reason such ar- 
guments fell on deaf ears was the growing 
concern about technocracy, or rule by a sci- 
entific and technological elite. Confidence 
that science and progressive society went 
hand in hand was challenged as early as the 
Great War, when chemical weapons pro- 
vided chilling evidence that science does not 
always serve the best interests of humanity. 
But if the Great War produced science skep- 
tics, the hard times of the Great Depression 
evoked outright hostility to scientists. They 
found themselves confronting a general re- 
volt against science. The application of scien- 
tific ideas, from “talkies” at the cinema to any 
number of mechanical inventions in the 


workplace, appeared to be putting people 
out of work. Increasing productivity, long 
promised by science advocates, was the last 
thing the world needed to pull itself out of an 
economic disaster in which supply far ex- 
ceeded demand. Society had proved inca- 
pable of keeping up with scientific progress, 
and the viability of the capitalist system itself 
seemed at stake. 

Some scientists tried to restore faith in sci- 
ence by revitalizing the idealism of the 1920s. 
One way was through world’s fairs, which 
showcased the inventions and innovations of 
science of the past century. By reestablishing 
a sense of wonder and faith in science, scien- 
tists hoped to remind Americans of how 
closely intertwined U.S. values were with sci- 
entific values. Roosevelt’s secretary of agri- 
culture, geneticist Henry Wallace (1888— 
1965), felt that scientists bore a serious 
responsibility for some of the problems of the 
Depression. In 1933, he convinced the presi- 
dent to create the Science Advisory Board 
(SAB) to come up with the means to put sci- 
ence to work to solve the country’s economic 
woes. Chaired by physicist Karl Compton 
(1887—1954), the SAB received no funding 
and lasted only two years. Compton tried to 
use the SAB to create a new body to fund the 
best science in the country, ultimately (so he 
reasoned) to help in such issues as land and 
mineral policies. Compton asked the presi- 
dent for $75 million, but the president in- 
sisted that 90 percent of the funds should go 
to people taken from the country’s relief 
rolls. Such a requirement would hardly pro- 
duce the best science, in Compton’s view; the 
issue turned into one of elitism in science, and 
the idea collapsed. Although Compton’s atti- 
tudes resonated among conservatives, New 
Dealers were more interested in programs to 
provide jobs and public works rather than 
provide money for already-employed scien- 
tists to do better research. 

Increasingly, support for science needed 
to be tied to specific projects that connected 
clearly to the public’s welfare. In the later 
years of the Great Depression, scientists 
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were more successful in gaining federal 
money by tying their work to national inter- 
ests. They did so by connecting their exper- 
tise to land use, soil conservation, the 
eradication and treatment of disease, and 
engineering projects. The Rockefeller Foun- 
dation tried to economize by concentrating 
its interests in biology. The director of its 
natural science division, Warren Weaver 
(1894—1978), reasoned that the steady 
breakthroughs in physics were unlikely to be 
hastened by Rockefeller money, but that bi- 
ology needed a push. In addition, that field 
seemed well positioned to make genuine 
contributions to the welfare of mankind. 
More attention needed to be paid to the liv- 
ing parts of nature, not merely the inanimate 
forces of physics. This reorientation provided 
a boost for biological research, such as that 
by geneticist Thomas Hunt Morgan (1866— 
1945), but increased the strain already placed 
on the physical sciences. During the Great 
Depression, science for its own sake, an ideal 
of the 1920s, seemed to be an elitist dream 
with potentially disastrous consequences for 
society. 


See also Elitism; Industry; Patronage; Social 
Progress; Technocracy 
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Gutenberg, Beno 

(b. Darmstadt, Germany, 1889; d. 
Pasadena, California, 1960) 

Beno Gutenberg was the leading scientist 
in the relatively new field of seismology in 
the first half of the twentieth century. His 
education in this field began in Germany, 
where Emil Wiechert (1861—1928) had de- 
veloped a course on observing geophysical 
phenomena with instruments. Although 
Gutenberg’s interest in weather forecasting 
led him to this course, in short order he had 
learned everything currently known about 
seismology. He realized that this was a new 
field ripe for exploration and new discover- 
ies. Gutenberg began research on micro- 
seisms for his Ph.D. thesis and published his 
first paper on them in 1910. Microseisms are 
disturbances in the earth’s crust, but are al- 
ways present and are too small in intensity to 
be called earthquakes. Gutenberg’s work, 
however, showed that microseisms can be 
correlated to other phenomena such as 
oceanic waves or storms. 

Gutenberg recognized that the amplitude 
of seismic waves could provide a powerful 
tool for determining the structure of the 
earth. One of his lasting contributions was his 
calculation of the existence of the earth’s 
core. Gutenberg’s mentor, Wiechert, had 
proposed in 1897 that the earth had an iron 
core, beginning at a depth of about 3,900 
km. Assuming that the core could be identi- 
fied by its effects on seismic waves, Guten- 
berg calculated the travel times of waves both 
reflected and refracted at the surface of the 
core. He established its depth at 2,900 km in 
1914. Fast becoming one of the leading the 
seismologists in Europe, he began work at 
the International Association of Seismology 
in Strasbourg. 


His work was disrupted by World War I, 
and with the loss of Alsace and Lorraine to 
France, he was unable to regain his position 
in Strasbourg in subsequent years. He ran his 
family’s soap factory for some time while 
working on geophysical problems from 
home, unable to find a satisfactory position. 
But after accepting a professorship at the Cal- 
ifornia Institute of Technology in 1930, 
Gutenberg expanded the field of seismology 
using the institute’s ample resources and va- 
riety of talented scientists, among them 
Hugo Benioff (1899-1968) and Charles F. 
Richter (1900—1985). And of course, south- 
ern California’s active seismic environment 
made it seem a natural home for Gutenberg. 

With Richter, Gutenberg improved meth- 
ods for recording earthquakes and identifying 
the location of epicenters. He also was con- 
vinced that there were major differences be- 
tween the structure of the continents and 
that of the oceans, and was sympathetic to 
ideas of continental drift long before such 
ideas were current among most U.S. geolo- 
gists and geophysicists. Working together on 
a series of papers on seismic waves, Guten- 
berg and Richter provided “a bible” for ob- 
servational seismology, as one of Guten- 
berg’s colleagues later wrote, emphasizing 
the foundation work they accomplished for 
modern seismology. 


See also Geophysics; Richter Scale; Seismology 
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Haber, Fritz 
(b. Breslau, Germany [later Wroclaw, 
Poland], 1868; d. Basel, Switzerland, 1934) 

Fritz Haber was both a Nobel Prize— 
winning scientist and a fervent patriot. He 
also became notorious for putting his 
extraordinary abilities at the service of 
Germany during World War I, helping it to 
develop chemical weapons. Eventually he 
was betrayed by the same country that he had 
fought so hard to strengthen through science. 

Haber was most noted for his work in 
physical chemistry, a field in which he had 
little formal training. He pursued work that 
he thought would bestow practical benefits, 
rather than being purely of scientific inter- 
est. One such effort was combining nitrogen 
and hydrogen to create ammonia. His suc- 
cess with the “ammonia synthesis” drove 
Haber’s subsequent research, which aimed 
to obtain, from widely available substances, 
materials of commercial or military value. 
By 1912 Haber firmly established himself as 
the leader in this field, becoming director of 
the Kaiser Wilhelm Institute for Physical 
Chemistry and Electrochemistry, in Dahlem 
(outside Berlin). 

When war broke out in 1914, Haber put 
his skills to use for his country. He hoped to 
use chemical processes to supply the kaiser’s 


armies with its necessities, such as a substi- 
tute for toluene as antifreeze in motor fuel. 
But when the War Ministry consulted scien- 
tists at the Kaiser Wilhelm Institute about 
methods to flush Allied armies out of their 
well-protected trenches, to force them to en- 
gage in open warfare, Haber and his col- 
leagues, including Walther Nernst 
(1864-1941), took a fateful step toward the 
first development and use of chemical 
weapons in a time of war. These early inves- 
tigations led to some unsuccessful experi- 
ments before the end of 1914, when a labo- 
ratory explosion killed physical chemist Otto 
Sackur (1880—1914). 

Initially, scientists and military leaders 
envisioned irritant gases designed to move 
men away from entrenched positions; later, 
such gases were designed more explicitly to 
kill. By January 1915, Haber had developed 
chlorine gas as a weapon. Three months 
later, the weapon was ready for a wartime 
test. On April 11, German forces released 
chlorine gas along a 3.5-mile front near 
the town of Ieper, Belgium. Chemical 
weapons, today regarded as weapons of 
mass destruction, were soon developed by 
both sides in the conflict. Germany ap- 
pointed Haber chief of the Chemical War- 
fare Service. His practical brand of science 
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German chemist Fritz Haber pioneered the techniques of chemical warfare and won the Nobel Prize in Chemistry, for the 


synthesis of ammonia. (Hulton-Deutsch Collection / Corbis) 


supplied the country not only with gas 
weapons, but also with a number of useful 
nitrogen compounds, from fertilizers to ex- 
plosives. 

Haber’s work, deplored by many scien- 
tists outside Germany, became even more 
controversial when Haber was awarded the 
Nobel Prize in Chemistry in 1919. Although 
the war had ended, the choice of Haber was 
denounced by French, British, and U.S. sci- 
entists. By giving himself fully to his own 
country during the war and especially for his 
role in developing chemical weapons, Haber 
had to endure the remonstrations and rejec- 
tion of his colleagues abroad. This did not 
stop him, however, from putting science to 
work for the good of Germany. During the 
interwar years, when Germany was saddled 
with reparations payments to former ene- 


mies, Haber was struck with a fantastic plan: 
Perhaps chemists could help make these pay- 
ments by extracting gold from seawater. Bas- 
ing his calculations on some old data, Haber’s 
idea led to several oceanic excursions and 
some improved data but not a profitable 
means to extract gold from the sea. 
Throughout the 1920s, Haber remained 
very influential in Germany and became in- 
volved in international scientific organiza- 
tions. Yet in the early 1930s, when the Nazis 
rose to power, the scientific community in 
Germany began to change. Haber was Jew- 
ish. Despite his devotion to Germany in war 
and peace, he soon found himself an outsider 
in an increasingly anti-Semitic society. Haber 
joined many eminent German scientists in re- 
signing their posts in 1933 under pressure 
from the Nazis. He moved briefly to Cam- 


bridge, England, and then decided to take a 
leading position at a research institute in Is- 
rael. He died en route. 
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Haeckel, Ernst 
(b. Potsdam, Germany, 1834; d. Jena, 
Germany, 1919) 

After Thomas H. Huxley (1825—1895), 
Haeckel was the best-known promoter and 
popularizer of Charles Darwin’s (1809— 
1882) theory of evolution. He embraced 
controversy and was openly hostile to reli- 
gion. Originally trained as a physician, 
Haeckel left his work to become an apostle of 
biological evolution. He became a zoologist, 
and took a position at the University of Jena 
in 1865. Much of what was known about em- 
bryology during the first decades of the 
twentieth century derived from Haeckel’s 
view that evolution could be proved simply 
by examining the embryological parallels. 

In the nineteenth century, Karl Von Baer 
(1792—1876) proposed that developing em- 
bryos of higher animals (such as humans) 
passed through stages that essentially were 
similar to the stages of development in lower 
animals. Haeckel took this principle to 
describe a “biogenetic law” that affirmed a 
parallel between the embryological devel- 
opment of an individual with the develop- 
ment—or evolution—of species. Haeckel 
stated it as “ontogeny recapitulates phy- 
logeny,” which is not exactly what Von Baer 
had intended. The phrase, however, caught 
on. Haeckel was a great promoter of scien- 
tific ideas, particularly in the biological 
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sciences. In addition to ontogeny and phy- 
logeny, Haeckel coined the term ecology. 
Haeckel’s recapitulation theory was his most 
well known. 

Haeckel gained further notoriety for his 
involvement in the monist movement. The 
essence of monism was the belief that there 
was one spirit in all things, and that the whole 
of the world is derived from one fundamen- 
tal law. For Haeckel, only science could pro- 
vide that law. U.S. biologist David Starr Jor- 
dan (1851-1931) criticized the creed in 
1895: “It is an outgrowth from Haeckel’s 
personality, not from his researches” (Jordan 
1895, 608). The creed appeared in English in 
1901, in Haeckel’s book The Riddle of the Uni- 
verse. He emphasized the unity of nature, liv- 
ing and nonliving. In 1906, Haeckel founded 
the Monistenbund (Monist Alliance) to 
spread his idea, which had far-reaching philo- 
sophical implications, such as the rejection of 
a supernatural God and the soul. If God ex- 
isted, he was one with nature. 

As historian Daniel Gasman has noted, 
Haeckel can be seen as the founder of ideas 
that fueled racial antagonism and informed 
the National Socialist movement in Weimar 
Germany. He himself was a fervent national- 
ist and anti-Semite; his claims of universality 
for scientific laws might have played an im- 
portant role in forging the links between “sci- 
entific” racial theories and plain racism at the 
turn of the century and beyond. The problem 
with monism was that, if there was only one 
fundamental law, then Haeckel’s passion— 
evolutionary biology—could be applied to 
every aspect of life. Haeckel’s embrace of so- 
cial Darwinism lent it the scientific credibil- 
ity it might have lacked without the endorse- 
ment of so prominent a man of science. 
Perhaps Haeckel’s most significant contribu- 
tion was in promoting the attitude of scien- 
tism: All things should be understood in the 
same terms as science. Such attitudes proved 
to be powerful tools in the hands of racists, 
nationalists, and social Darwinists. 


See also Ecology; Evolution; Philosophy of 


Science; Race; Scientism 
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Hahn, Otto 
(b. Frankfurt, Germany, 1879; d. 
Gottingen, Germany, 1968) 

The German chemist Otto Hahn was one 
of several key figures in the history of ra- 
dioactivity. He bears the fame, and the re- 
sponsibility, for the discovery of nuclear fis- 
sion—that is, splitting the atom. His entry 
into the field in 1904, at Sir William Ram- 
say’s (1852-1916) laboratory at University 
College, London, was a surprising portent of 
things to come. Despite almost no back- 
ground in radioactivity, his first project led to 
the discovery of a new radioelement, radio- 
thorium (a radioactive isotope of thorium). 
In 1905 he traveled to Montreal to work with 
the leading scientist in the field, Ernest 
Rutherford (1871—1937), before taking up 
residence in Berlin in 1906. 

Hahn’s activities in Berlin included a pro- 
ductive collaboration with physicist Lise 
Meitner (1878—1968) that would continue 
for the next three decades. He took leave of 
radioactivity briefly during World War I, 
when he joined Fritz Haber’s (1868—1934) 
chemical warfare group. He was actively in- 
volved in researching, developing, and im- 
plementing such weapons during the war. 
But he never left his own field of interest 
completely. He and Meitner discovered and 
named protactinium in 1917. This fruitful 
field became less so in the 1920s, when 
nearly all naturally occurring radioactive ele- 
ments were identified by various researchers. 

Fortunately for Hahn, radiochemistry (or, 
as it became known, nuclear chemistry) was 
stirred up again by several developments in 
the early 1930s. In England, James Chadwick 
(1891—1974) discovered the neutron; in 


France, the Joliot-Curies discovered artificial 
radioactivity; in Italy, Fermi (1901—1954) 
began producing radioactive material from 
bombardment by neutrons. Hahn and Meit- 
ner set out to identify the new products and 
their radioactive decay patterns. Soon Hahn’s 
direct work with Meitner ended when, be- 
cause she was Jewish, she fled Nazi Germany 
in 1938. 

Hahn and Fritz Strassman (1902—1980) 
continued the experiments and found that 
bombarding uranium with neutrons seemed 
to result in a radioactive form of barium. But 
finding barium seemed highly unlikely, since 
no one yet had witnessed a reaction emitting 
anything heavier than alpha particles. Barium 
was in the middle of the periodic table! The 
chemist Hahn wrote to his physicist colleague 
Meitner, now in Sweden, about the unex- 
pected results. It was Meitner, working with 
her nephew Otto Frisch (1904—1979), who 
in 1939 determined that the results could be 
explained by the “splitting” of the uranium 
nucleus. They named this process fission, and 
determined that the mass of two barium 
atoms was slightly less than the mass of a ura- 
nium atom and a neutron. Thus, they rea- 
soned, some energy would be released as 
well. Hahn’s Nobel Prize, awarded in 1944 
for his discovery of fission, might well have 
been shared with Meitner. 

News of Hahn and Strassman’s achieve- 
ment spread rapidly in the international 
physics community. Danish physicist Niels 
Bohr (1885—1962) brought the news to U.S. 
physicists, who immediately began to work 
out the ramifications. The release of energy, 
realized scientists such as Enrico Fermi (then 
at Columbia University), would be enor- 
mous if a fission chain reaction could be sus- 
tained. Although the Americans were not the 
only ones to realize this, they became the 
first to apply Hahn’s discovery by building an 
atomic bomb. 

Hahn was arrested by Allied troops in 
1945 and sent to England, where he and sev- 
eral colleagues were interned and put under 
surveillance for over six months. His conver- 


sations with other physicists such as Werner 
Heisenberg (1901—1976) were taped, and 
the transcriptions helped the United States 
and Britain understand the strengths and 
weaknesses of wartime German nuclear 
physics. Only then did he learn that his dis- 
covery of fission had led to the use of atomic 
weapons against the Japanese cities Hi- 
roshima and Nagasaki. After the war, he be- 
came president of the Kaiser Wilhelm Soci- 
ety (soon renamed the Max Planck Society), 
and in the 1950s he publicly warned against 
the dangers of atomic energy. 


See also Atomic Bomb; Fission; Heisenberg, 
Werner; Meitner, Lise; Nazi Science; Physics 
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Haldane, John Burdon Sanderson 
(b. Oxford, England, 1892; d. 
Bhubaneswar, Orissa, India, 1964) 

J. B. S. Haldane was a rare individual 
whose interests crossed many disciplines. His 
works, including a science book for children, 
were both technical and popular. As a young 
man, he fought in World War I, both on the 
Western Front and in the Middle East, and 
was wounded in both theaters. He helped his 
father, physiologist John Scott Haldane 
(1860-1936), to develop gas masks to pro- 
tect against chemical weapon attacks by the 
Germans. When the war ended, he began his 
scientific career by teaching physiology at 
Oxford. 

His work on human physiology made Hal- 
dane seem like a mad scientist. He consumed 
solutions of ammonium chloride to study the 
effects of hydrochloric acid in blood; he ex- 


ercised to exhaustion to study the relation- 
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ship between carbon dioxide and muscles; 
and he conducted other experiments on him- 
self and his laboratory colleagues. He studied 
enzymes in the 1920s and showed that they 
obey the laws of thermodynamics, and by 
1930 he had produced a book, Enzymes, to 
provide an overview of the field. 

But Haldane is most well known for his 
contributions to genetics. He conducted im- 
portant work on gene linkage, and in 1922 he 
formulated Haldane’s Law. The law at- 
tempted to explain cases where crossing two 
animal species resulted in a population of off- 
spring in which one sex was absent, sterile, 
or rare. In such cases, according to the law, 
that sex must be the heterogamic one (in 
other words, that sex has two different sex 
chromosomes, rather than two of the same 
sex chromosomes). 

Haldane was one of three key individuals 
who, through population genetics, brought 
about the evolutionary synthesis that recon- 
ciled Darwinism with some of the outstand- 
ing problems in biology—the other two 
were Ronald A. Fisher (1890—1962) and Se- 
wall Wright (1889—1988). Like many others 
in the field, Haldane regarded Charles Dar- 
win’s (1809—1882) theory of evolution by 
natural selection as flawed. Darwin’s view of 
continuous variation and adaptation through 
natural selection had serious problems. For 
one, how could a favorable trait survive if it 
blended with other traits? In a huge popula- 
tion, even the most favorable trait could not 
survive subsequent generations of breeding. 
But natural selection had been resurrected 
when scientists such as Wilhelm Johannsen 
(1857—1927) demonstrated that it could fit 
into Mendelian genetics, which described 
characteristics as individual and particulate, 
not subject to mixing. Genetics gave individ- 
ual traits a kind of durability that Darwin had 
not articulated. 

Haldane insisted that natural selection was 
the mechanism for evolutionary change in 
large populations following Mendelian laws 
of inheritance. He claimed that those geno- 


types (the totality of genes) that produced 
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phenotypes (outward appearance) that were 
well adapted to their environment would 
tend to survive. The effects of natural selec- 
tion could be quick and dramatic. The fa- 
mous example of Haldane’s sped-up natural 
selection was the dark-colored moth (now 
known as Biston betularia), which had first 
been noted in British industrial towns in 
1848. Its color, like the soot in the dirty 
cities, offered protection from predators. By 
1900, these dark moths almost completely 
replaced the previous gray version. Such a 
rapid pace pointed to natural selection on a 
massive scale, where the dark moths repro- 
duced twice as fast as their competitors in 
such a friendly environment. These ideas he 
set forth in his 1932 book The Causes of Evolu- 
tion. 

Politically, Haldane veered to the left. He 
joined the Communist Party after the out- 
break of civil war in Spain in 1936. He con- 
tributed more than 300 articles on popular 
science to the Communist Daily Worker. He 
also joined its editorial board. More surpris- 
ing for a geneticist, he even (for a time) sup- 
ported the work of Trofim Lysenko 
(1898-1976), the notorious anti-Mendelian 
agricultural scientist in the Soviet Union. 
Such left-wing politics did not disallow 
Haldane from working for his own country 
during World War II. He helped the British 
Admiralty conduct research on human physi- 
ology aboard submarines, such as the prob- 
lems of escaping them and the operation of 
miniature submarines. 

Haldane openly condemned his country’s 
action during the 1956 Suez crisis, when both 
Britain and France occupied the canal against 
the wishes of Egypt. In 1957 he decided to 
leave England for good and settle in India. In 
India there were good facilities for research, 
so he had a justification for leaving. Once 
there, he established a genetics and biometry 
laboratory. He remained there until his death 
from cancer in 1964. He kept his sense of 
humor, writing a poem for the New Statesman 
about his cancer, including the lines “My final 


word before I’m done/Is ‘Cancer can be 


” 


rather fun.’ 


See also Cancer; Chemical Warfare; Evolution; 
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Hale, George Ellery 
(b. Chicago, Illinois, 1868; d. Pasadena, 
California, 1938) 

Aside from his scientific accomplishments 
in astronomy, George Ellery Hale was best 
known as an organizer of U.S. science. He 
was largely responsible for the founding of 
three of the world’s great observatories— 
Yerkes, Mount Wilson, and Palomar. In ad- 
dition, he played a leading role in reforming 
the National Academy of Sciences and in cre- 
ating the National Research Council, the In- 
ternational Research Council, and the Cali- 
fornia Institute of Technology. Hale was 
plagued with illness throughout much of his 
life. As child, he had intestinal ailments and 
typhoid, and as an adult he suffered three 
major breakdowns from what doctors called 
“brain congestion.” This condition stemmed, 
they said, from his intensity and inability to 
relax. 

Such intensity served Hale’s scientific 
work and the scientific community very well. 
His early years in astronomy were devoted to 
understanding the physical properties of 
stars, rather than the distribution and mo- 
tions of stars, which occupied the attention of 
most other researchers. While attending the 
Massachusetts Institute of Technology in the 
1880s, he volunteered at the Harvard Col- 
lege Observatory. There he conceived of a 
new instrument, the spectroheliograph, 
which would allow him to photograph solar 


prominences in full daylight. At the time, the 
sun was the only star for which meaningful 
observations were possible, and Hale was ob- 
sessed with it. His thesis at MIT described his 
results, providing the basis for later solar ob- 
servational astronomy. Hale never earned a 
doctorate, although later many honorary 
ones were bestowed upon him. 

After Hale finished his university degree, 
he got married and honeymooned in Califor- 
nia, where he visited the Lick Observatory 
near San Jose. Scientists there were using a 
thirty-six-inch telescope to observe planetary 
nebulae. Upon his return, Hale convinced his 
father to buy him a telescope of his own, a 
twelve-inch refractor set up in 1891 behind 
their house, in what became known as the 
Kenwood Observatory. This was the first of 
many successes persuading wealthy philan- 
thropists to contribute funds for scientific 
purposes. The following year, Hale became 
an associate professor of astrophysics at the 
University of Chicago. 

At Chicago, Hale persuaded businessman 
Charles T. Yerkes (1837—1905) to pay for a 
telescope that would surpass all others in fo- 
cusing power, allowing scientists to see fur- 
ther into space. The Yerkes Observatory was 
dedicated in 1897, where Hale continued his 
research on solar properties and attracted as- 
tronomers from all over the world to work in 
the only observatory having a telescope with 
a forty-inch lens. During these years, Hale 
cofounded the journal Astronomy and Astro- 
Physics and also the Astrophysical Journal. 

Hale never rested on his laurels and con- 
stantly was trying to secure a means to im- 
prove astronomical instruments. In 1896, his 
father agreed to pay for the lens of a sixty- 
inch reflecting telescope, on the condition 
that the University of Chicago would pay to 
mount it. The university did not fulfill its end 
of the bargain, and Hale began to look else- 
where. In 1902 he received a large sum— 
$150,000—to found the Mount Wilson 
Solar Observatory in the mountains above 
Pasadena, California. This location proved to 
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be a fruitful one for astronomy. Here the first 
photograph of a sunspot spectrum was taken 
in 1905. Hale and his colleagues determined 
from the spectrum that sunspots were cooler 
than the surrounding surface of the sun. In 
1908, Hale showed the presence of magnetic 
fields in sunspots, the first observation of 
such a field outside the earth. 

Although Hale’s work on sunspots was 
fundamental, his influence in subsequent 
years was in supporting science through bet- 
ter facilities and more effective organization. 
The sixty-inch reflecting telescope became 
available at Mount Wilson in 1908, making it 
possible to study, in depth, stars other than 
the sun. But Hale was not satisfied and made 
plans to acquire a 100-inch lens through the 
philanthropy of local businessman John D. 
Hooker. This telescope saw its first use in 
1917. With it, Edwin Hubble (1889—1953) 
was able to settle a longstanding dispute 
about the nature of nebulae, establishing 
them as separate star systems, or “galaxies.” 
The 100-inch telescope, under pioneers such 
as Hubble, initiated a new phase in under- 
standing the nature of the universe and the 
vast distances between galaxies. 

In the first decade of the century, Hale be- 
came a trustee of Throop Polytechnic Insti- 
tute, a small school in Pasadena. Hale was in- 
strumental in transforming it into an MIT for 
the West Coast, but focusing as much on 
fundamental science as on technology. The 
school, soon known as the California Insti- 
tute of Technology, became part of Hale’s vi- 
sion to see Pasadena as a center for science 
and culture. The institute evolved over the 
next two decades to become a major research 
and educational facility. In 1928, it received 
$6 million from the Rockefeller Foundation 
to build a 200-inch telescope, which gave rise 
to a new observatory on Palomar Mountain. 
The two southern California observatories, 
Mount Wilson and Palomar, worked cooper- 
atively; they were renamed the Hale Obser- 
vatories in 1969. 

Hale’s activities went far beyond astron- 
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omy. At the turn of the twentieth century, 
Hale wanted to transform the National Acad- 
emy of Science from a mutual admiration so- 
ciety to a useful body with international pres- 
tige and influence. One of his methods was to 
encourage the membership of younger scien- 
tists with productive years ahead of them 
rather than behind them. He also encouraged 
the academy to participate in international 
ventures, although these faltered during 
World War I. The war spurred Hale to help 
create the National Research Council (NRC), 
a component of the academy dedicated to in- 
creasing knowledge for the benefit of na- 
tional defense and public welfare. Hale 
wanted to use the NRC to consolidate rela- 
tionships between scientists and sources of 
patronage, such as industry or philanthropic 
organizations. He believed this was an essen- 
tial step if the United States expected to com- 
pete with the scientific powerhouses of Eu- 
rope, especially Germany. 

When World War I ended, Hale’s previ- 
ous sentiments of internationalism were re- 
vised considerably. Like many other scien- 
tists, he held German scientists responsible 
for their country’s misdeeds in the war. He 
proposed the International Research Council 
as a rival to the existing International Associ- 
ation of Academies. The latter included Ger- 
many and its wartime allies, whereas the for- 
mer excluded them. It was even conceived as 
a federation of national research councils, 
bodies devoted as much to national security 
as to science. The council was inaugurated in 
1919, and it kept Germany out for years. In 
1931, it took the name of International 
Council of Scientific Unions, and in 1932 
Hale became its president. Hale’s gifts as an 
organizer served his country and its scientific 
community well, despite his failure to keep 
science above international politics. 


See also Astronomical Observatories; 
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Heisenberg, Werner 
(b. Würzburg, Germany, 1901; d. Munich, 
Germany, 1976) 

Werner Heisenberg was the founder of 
quantum mechanics and the creator of the 
uncertainty principle, cornerstones of mod- 
ern theoretical physics. His professional life 
proved controversial; not only was he the fa- 
ther of quantum mechanics, but he also 
would have been (had he succeeded) the fa- 
ther of the Nazi atomic bomb. He took his 
doctoral degree from the University of Mu- 
nich in 1923, just two years before publishing 
the work that would elevate him to celebrity 
and win him the Nobel Prize. 

Heisenberg was part of an extraordinary 
community of physicists attacking problems 
brought about by Max Planck’s (1858—1947) 
quantum theory and new models of atomic 
structure. Heisenberg took part in this com- 
munity in various locales, in institutions led 
by leading theorists: Arnold Sommerfeld 
(1868-1951) in Munich, Max Born (1882— 
1970) in Gottingen, and Niels Bohr (1885— 
1962) in Copenhagen. By the 1920s, Heisen- 
berg’s efforts were focused on the dynamics 
of physics. Quantum physics (particularly 
Niels Bohr’s quantum model of the atom) 
and new ideas about radiation had necessi- 
tated a replacement of classical mechanics, 
but its details were elusive. By 1925, the lack 
of a workable theory of mechanics posed a se- 
rious crisis to physicists. 

Werner Heisenberg provided his new in- 
terpretation of mechanics in 1925. It ap- 
peared to be more elegant mathematically 


than empirically, because it was not easily vi- 
sualized. Still, mathematicians found it famil- 
iar, as it could be expressed in terms of ma- 
trix calculus; the variables of quantum 
mechanics could be understood as matrices. 
Thus Heisenberg’s version of quantum me- 
chanics is often dubbed “matrix mechanics.” 
Another version of quantum mechanics, 
building on Heisenberg’s work, was devel- 
oped also in 1925 by Paul Dirac 
(1902-1984), using algebraic methods. 
Many physicists were repelled by the mathe- 
matical emphasis, particularly Erwin 
Schrödinger (1887—1961), who soon devel- 
oped a version of mechanics centered upon 
the behaviors of waves. His version, called 
“wave mechanics,” was easier to conceptual- 
ize. It was later found essentially to be equiv- 
alent to Heisenberg’s matrix mechanics. 
Heisenberg received the Nobel Prize in 
Physics in 1932 for his creation of quantum 
mechanics. 

Heisenberg was most well known for de- 
veloping the principle of uncertainty in 1927. 
The complex statistical calculations of quan- 
tum mechanics provoked serious questions 
about the nature of reality: Statistics were 
useful tools for a mathematician, but a physi- 
cist was supposed to be concerned with real 
relationships between particles. These rela- 
tionships had yet to be described. Already 
Heisenberg, in his discussions with Wolfgang 
Pauli (1900—1958), had noted that it was 
meaningless to talk of particles with fixed ve- 
locities. He could conceive of no experi- 
ment, even theoretically, that could identify 
the position of an electron precisely. At- 
tempts at more specificity simply could not 
correspond to reality and were thus “mean- 
ingless”; more vague estimations would have 
to be acceptable in making calculations. 
Heisenberg elevated this to a fundamental 
principle of quantum mechanics, that it is im- 
possible to determine coordinates precisely 
at the quantum level. For example, one 
could not know simultaneously both the po- 
sition and velocity of an electron. Given a 
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certain position, one had to accept a range of 
possibilities (or a probability statement) for 
the velocity, and vice versa. At the quantum 
scale, greater certainty about one variable 
meant greater uncertainty about others. 

The uncertainty principle’s impact on the 
scientific community had much to do with its 
philosophical implications. Also called the in- 
determinacy principle, it dealt a serious blow 
against determinism and opened in physics a 
similar philosophical debate that had charac- 
terized biology since Charles Darwin’s 
(1809—1882) insistence on random, pur- 
poseless variation in evolution. The uncer- 
tainty principle appeared to abandon tradi- 
tional notions of cause and effect, noting that 
some things simply cannot be known to any 
observer; they must be understood instead in 
terms of probabilities and statistics. The 
present is unknowable, and thus knowledge 
of future effects must always consist of a 
range of possibilities. This profound conclu- 
sion troubled many of the leading physicists, 
particularly the philosophically minded ones. 
It was in response to the uncertainty princi- 
ple, for example, that Albert Einstein 
(1879-1955) made his famous statement that 
God does not play dice. Others embraced 
Heisenberg’s uncertainty principle. Niels 
Bohr, for example, placed it alongside his 
complementarity principle, which pro- 
claimed the mutual validity of seemingly op- 
posed systems of understanding physical real- 
ity (such as the wave and particle theories of 
matter). The lack of determinism inherent in 
the uncertainty principle became a key fea- 
ture of the Copenhagen interpretation of 
quantum mechanics (Bohr lived in that city). 

Quantum mechanics and the uncertainty 
principle made Heisenberg a celebrated fig- 
ure worldwide. But the community of 
physics in which his ideas had been born was 
falling apart with the rise of Nazism in Ger- 
many. Heisenberg found himself the target of 
virulent critiques; in an increasingly racist 
Germany during the 1930s, he was dubbed a 
“white Jew” who cavorted with ethnic Jews. 
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Theoretical physics, his domain, was criti- 
cized by leading experimental physicists as 
the province of Jews such as Einstein. De- 
spite this, Heisenberg chose to stay in Nazi 
Germany, although he was offered jobs else- 
where. When Einstein emigrated, he became 
Germany’s foremost physicist. 

In the late 1930s, Werner Heisenberg be- 
came the leader of Nazi Germany’s atomic 
bomb project. Heisenberg was captured to- 
ward the end of the war during the U.S. mis- 
sion Alsos, which was designed to learn about 
the progress on the project. His conversa- 
tions with several other high-ranking scien- 
tists, notably Otto Hahn (1879—1968) and 
Max Von Laue (1879—1960), were recorded 
secretly at Farm Hall, a manor in England. 
He appeared surprised to hear about the 
bombings of Hiroshima and Nagasaki. A 
member of the Alsos mission, Samuel 
Goudsmit (1902—1978), concluded that 
Heisenberg never understood the details of 
how the bomb should work. Heisenberg de- 
nied this, and historians still debate what role 
Heisenberg played in the failure of the Nazi 
bomb project. He claimed that he did not 
want it to be built, whereas critics tend to say 
that the Germans, despite their best efforts, 
simply did not get as far as the Americans 
did. The major hurdle of creating a fission 
chain reaction was accomplished in the 
United States in 1942 by using extraordinar- 
ily pure graphite as a moderator. The Ger- 
mans, like the Americans (initially), had as- 
sumed that the use of graphite was not 
practical and that heavy water must be used. 
This technical point was crucial, because the 
chain reaction was a critical test to prove or 
disprove the possibility of an atomic bomb. 
Whether by failure or by design, Heisen- 
berg’s group never accomplished it. 

After the war, Heisenberg returned to 
Germany to help rebuild the physics commu- 
nity there. He became part of the Institute of 
Physics in Göttingen, renamed in 1948 the 
Max Planck Institute for Physics. It was later 
moved to Munich. He traveled widely and 


lectured in Britain and the United States. In 
the 1950s, his research turned to plasma 
physics; he continued close involvement in 
nuclear physics, occasionally serving in a pol- 
icy advising role for his government. 
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Hertzsprung, Ejnar 
(b. Frederiksberg, Denmark, 1873; d. 
Roskilde, Denmark, 1967) 

Ejnar Hertzsprung should inspire all uni- 
versity students who find themselves unable 
to choose a major field of study. Although he 
is known for his contributions to astronomy, 
he started out studying chemical engineering 
and even worked as a chemist for a while 
after taking his university degree. In 1901 he 
moved to Leipzig, Germany, to study pho- 
tochemistry under Wilhelm Ostwald 
(1853-1932), until finally a year later he 
returned to his native Denmark in order to 
pursue astronomy. 

Work on astronomy around the turn of 
the century focused on the distribution of 
stars in the universe and their motions. The 
physical nature of stars was relatively un- 
known and little studied. Most of what was 
known came from the late-nineteenth-cen- 
tury work of Angelo Secchi (1818—1878) and 


William Huggins (1824—1910), who brought 
photography into wide astronomical use by 
their photographic plates of stellar spectra. 
These two men had identified several differ- 
ent kinds of stars, classified by the placement 
of absorption lines visible in the spectra from 
the stars’ light. The last decade of the nine- 
teenth century saw the publication of a series 
of star catalogues using various classification 
schemes based on stellar spectra. The result 
was a sequence of star “types,” labeled O, B, 
A, F, G, K, M, R, N, S, each one less hot 
than the next. 

Hertzsprung once said that he came to as- 
tronomy through his interest in blackbody ra- 
diation, a question being studied by a number 
of leading physicists, including Max Planck 
(1858-1947). A blackbody is a substance 
that, when heated, radiates all frequencies of 
light. Hertzsprung became interested in 
studying the light from stars, and in 1905 and 
1907 published two major papers on the 
spectra of stars. By correlating the existence 
of sharp and deep spectral lines with greater 
luminosity, he found a means of measuring 
luminosity more precisely by examining 
spectra. Later, when luminosity came into 
use as a means of calculating distances be- 
tween stars, Hertzprung’s discovery gave as- 
tronomers a formidable tool for calculating 
such distances with greater precision. 

In addition to calculating distance, 
Hertzsprung differentiated stars in terms of 
size and temperature. He plotted the stars of 
the Pleiades cluster on an x-y axis according 
to temperature, or star type (on the x-axis) 
and size (on the y-axis). The diagram shows 
that most stars exist somewhere along a 
(roughly) diagonal line showing a clear corre- 
lation between large size and high tempera- 
ture. These stars were the “main sequence” 
stars, which constituted one of two star vari- 
eties. In addition to these were the few red 
giant and white dwarf stars, which deviated 
from the main sequence and appeared to be 
either very large and relatively cool (red) or 
very small and relatively hot (white). 


Hertzsprung, Ejnar 143 

Hertzsprung’s ideas were not known in 
the United States, where Henry Norris Rus- 
sell (1877-1957) was developing similar 
ideas. In 1913, Russell presented a diagram 
showing the correlation, which became the 
fundamental basis for all future research on 
stellar evolution. It now is called the 
Hertzsprung-Russell diagram. Both scientists 
believed that the diagram showed stars at dif- 
ferent points in stellar evolution, but they 
differed when interpreting the process. Rus- 
sell felt that stars began as red (cool) giants, 
then condensed and heated to form blue 
(hot) stars, then cooled slowly without 
changing much in size. Hertzsprung thought 
the diagram revealed two separate evolution- 
ary paths. Neither interpretation lasted in its 
entirety, but their work stimulated as- 
tronomers to think more about how stars are 
born, how they live out their lives, and how 
they die. 

Although Hertzsprung is best known for 
his contributions to stellar evolution, he 
made at least one more fundamental contri- 
bution, related to Cepheid variables, or 
stars of fluctuating brightness. Henrietta 
Swan Leavitt (1868—1921), working at the 
Harvard College Observatory, discovered a 
correlation between the apparent magni- 
tude of these variable stars in the Small 
Magellanic Cloud and their periodicity. 
Simply put, she saw that brighter stars had 
longer periods. Since these stars were 
roughly the same distance away, they could 
be used as a measuring stick for stars else- 
where. If one could find a pulsating star of 
the same brightness but with differing 
periodicity, one could judge relative dis- 
tances. Hertzsprung aided in this in 1913 by 
trying to determine the distance to the 
Small Magellanic Cloud; his results led to 
scientific honors but were later revised con- 
siderably, as he placed the cloud about five 
times too distant. Hertzsprung continued 
research on variable stars and stellar spectra 
for the next several decades, even after his 
retirement in 1944. 
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Hiroshima and Nagasaki 

Atomic bombs have been used twice in war. 
The United States used an atomic bomb 
against the Japanese city of Hiroshima on 6 
August 1945. Three days later, on August 9, 
it dropped a bomb on Nagasaki. These cities 
were chosen for their strategic significance— 
Kyoto initially was a target but was removed 
from the list because of its status as an ancient 
capital and major cultural center. The bombs 
resulted from a large-scale effort of scientists 
to harness the energy of the atom, using the 
knowledge gained from half a century of re- 
search on nuclear physics. The two cities 
were devastated; more than 200,000 people 
were killed or wounded in the blasts, and 
more would die later of radiation sickness. 
The names Hiroshima and Nagasaki have be- 
come synonymous with the dawn of the 
atomic age. 

The scientists, particularly Albert Einstein 
(1879-1955), who pressed President 
Franklin Roosevelt (1882—1945) to pursue 
the bomb, had done so in fear that the Nazis 
would develop one first. In the hands of 
Adolf Hitler (1889—1945), they reasoned, an 
atomic bomb would seal Europe’s fate and 
leave it under the dominance of the Third 
Reich. But as the war came to an end, they 
realized how far short the Germans had fallen 
in their efforts. Many argued that the 
weapon, designed for use against Germany, 
should not be used against Japan; one scien- 
tist, Joseph Rotblat (1908—), even left the 


project once the German threat seemed 
under control. Most of them, however, con- 
tinued their work and developed weapons to 
be used against Japan. 

After meeting with Allied leaders at Pots- 
dam in July 1945, President Harry S Truman 
(1884—1972) issued a declaration, demand- 
ing the surrender of Japan and promising 
“prompt and utter destruction” in the event 
that Japanese leaders refused. Some scientists 
in Chicago and Los Alamos who had been ac- 
tive in reactor design and bomb development 
presented him with alternatives to bombing 
Japanese cities; one suggestion was to pro- 
vide a demonstration to the Japanese of the 
bomb’s effectiveness. Such alternatives were 
rejected, and after a period in which Ameri- 
cans believed Japan had no intention of sur- 
rendering, Truman decided to use the 
weapon. On 6 August 1945, a little after 
eight o’clock in the morning, the U.S. B-29 
bomber Enola Gay dropped an atomic bomb 
on Hiroshima. The explosion was estimated 
at about 20 kilotons (revised later to about 
12.5 kilotons, equivalent to about 12,500 
tons of dynamite). The cloud from the blast 
rose to 40,000 feet and formed what univer- 
sally has been referred to as a “mushroom 
cloud.” 

Hiroshima was devastated by the bomb. 
About 80,000 people were killed, with 
roughly the same number wounded. Build- 
ings were leveled by the initial pressure 
wave. Fires in the city reached massive pro- 
portions, creating firestorms that sucked in 
outside air and produced winds of some 
thirty or forty miles per hour. With Hi- 
roshima’s infrastructure destroyed, doctors, 
police, and firemen were severely limited in 
what they could do. Truman issued a state- 
ment promising further destruction if the 
Japanese refused to surrender. Meanwhile, 
the Soviet Union informed Japan that their 
countries also would be at war beginning 
August 9. When that day came, another U.S. 
B-29 bomber, Bock’s Car, dropped an atomic 
bomb on the city of Nagasaki. The results 
were similar to those in Hiroshima, although 
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The wrecked framework of the Museum of Science and Industry as it appeared shortly after the blast. (Bettmann/Corbis) 


in this case there was no firestorm, owing to 
the topography of the city. Because the blast 
was confined largely to an industrial valley, 
the death toll was about half that of Hi- 
roshima, around 40,000. 

Japan’s emperor, Hirohito, insisted to his 
cabinet that the war should end; in doing so, 
he broke with tradition by getting involved in 
decisions of state. On August 10, Japan sent 
word to the United States that it would sur- 
render on the condition that the emperor still 
would be allowed to retain his position. 
When the United States responded that the 
emperor would be subjected to the rule of 
U.S. occupation forces, the Japanese cabinet 
refused to surrender. Again, Hirohito in- 
sisted that Japan stop fighting, and on August 
14, Japan accepted the U.S. terms. 


Part of the reason that Truman did not 
want to demonstrate the weapon beforehand 
was that it might not work, which would 
prove embarrassing, and the United States 
did not want to waste the bomb. Although 
hoping that the Japanese would believe oth- 
erwise, the Americans actually did not have a 
large supply of atomic bombs in August 
1945. The Hiroshima bomb, called “Little 
Boy,” was fabricated from enriched uranium, 
whereas the Nagasaki weapon, “Fat Man,” 
was made from plutonium. Neither one of 
these weapons was simple or quick to manu- 
facture. The technical details of fission chain 
reactions were well known in theory and had 
been achieved in practice in Chicago in 1942. 
The detonation designs of the bombs, either 
through high-velocity impact (“gun-type”) or 
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implosion, had been created at Los Alamos, 
and they could be replicated. But the mate- 
rial for the weapons did not come from ordi- 
nary uranium, or U-238; instead, top-secret 
installations were required to separate U-238 
from U-235 (“enriched” uranium, needed 
for bombs, contains a higher proportion of 
U-235 than normal), or to create the element 
plutonium, with an atomic weight of 239. 
This process was long and costly. Despite the 
massive destruction caused by the first two 
bombs, in one sense they were a bluff: The 
United States simply did not have enough 
material to continue its atomic bombardment 
indefinitely. 

Considerable historical controversy sur- 
rounds Truman’s decision to use atomic 
weapons against Hiroshima and Nagasaki. 
Conventional wisdom holds that the atomic 
bombs were not “war-winning” weapons, but 
perhaps—as Truman and his advisors rea- 
soned—they would shorten the war and thus 
prevent an invasion of Japan’s home islands, 
which would cost U.S. lives. But there is also 
evidence that suggests that in August 1945 
the United States missed opportunities to end 
the war because it was concerned with 
strengthening its future position vis-a-vis the 
Soviet Union. The development of the 
atomic bomb had been a cooperative effort, 
including the United States and Britain but 
excluding the Soviet Union. Cases of espi- 
onage in later years would show that the So- 
viets knew much more about the project dur- 
ing the war than the Americans realized. But 
in deciding to drop the bombs on Hiroshima 
and Nagasaki, perhaps Truman and his advi- 
sors were sending a message to the Soviet 
Union, in what some historians have called 
the first round of “atomic diplomacy” in the 
Cold War. 
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Hormones 

Hormones are substances that are secreted 
internally by endocrine glands, to regulate 
the activities of organs and tissues. They 
control a host of bodily functions, such as 
growth, metabolism, and reproduction. In 
the late nineteenth century, the medical use 
of biological secretions (such as crushed 
testicles) was called organotherapy. In 1905, 
British physiologist Ernest Starling (1866— 
1927) introduced the term hormone to 
describe these chemical messengers that reg- 
ulated organs. With hormones, physiological 
processes were studied and manipulated. 

One of the first successful uses of hor- 
mones as therapy was insulin. Canadian re- 
searcher Frederick Banting (1891—1941) 
knew that diabetes was said to result from the 
inability of the pancreas to secrete insulin (a 
hormone) for the regulation of the body’s 
sugars. He sought to use other animals’ in- 
sulin as a therapy for humans. Despite other 
scientists’ failure to do so, in 1921 Banting 
and John J. R. MacLeod (1876—1935) ex- 
tracted insulin from a dog’s pancreas, and 
that insulin was used successfully to treat di- 
abetes in humans. The two men shortly (in 
1923) shared the Nobel Prize in Physiology 
or Medicine for their work. 

The Dutch pharmaceutical company 
Organon, founded in 1923, was the world’s 
major producer of hormone drugs. After 
Banting and MacLeod isolated it, Organon 
began to manufacture and sell insulin while 
conducting its own research. In 1931, it 
founded its own research journal, Het Hor- 
moon (The Hormone). In 1925, its re- 
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One of the first successful uses of hormones as therapy was insulin. Canadian researcher Frederick Banting (pictured here) 


knew that diabetes was said to result from the inability of the pancreas to secrete insulin (a hormone) for the regulation of 


the body's sugars. (National Library of Medicine) 


searchers isolated the hormone estrogen, and 
in 1935, one of its founders, Ernst Laqueur 
(1880-1947), isolated testosterone. The co- 
operative arrangement between researchers 
and commercial enterprise maintained 
Organon as the world’s leading hormone 
company until World War II. 

In humans, the study of sex hormones 
sparked a scientific and cultural reevaluation 
of what it meant to be male and female. The 
field of sex endocrinology posited the con- 
cept of male and female sex hormones, which 


made these secretions out to be the defining 
characteristics of gender differences. Femi- 
ninity and masculinity were encapsulated, ac- 
cording to this view, in chemicals unique to 
each. Nelly Oudshoorn has argued that this 
view of hormones allowed popular Western 
culture to ascribe to hormonal actions many 
of the perceived behavioral differences be- 
tween men and women. Even more impor- 
tant, it often led to a stigmatization of 
women (although ironically not men) as 
being completely controlled by hormones. 
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During the 1920s and 1930s, hormone ther- 
apy typically was practiced on women. Phar- 
maceutical companies in the 1930s and 1940s 
pursued drugs to help regulate menstruation 
and menopause, with comparatively little at- 
tention to male concerns. Ernst Laqueur, a 
researcher at the Pharmaco-Therapeutic Lab- 
oratory at the University of Amsterdam (and, 
as mentioned, a founder of Organon), found 
that a hormone thought to be unique to fe- 
male horses turned up in the urine of males. 
Laqueur’s work began a long critical reexam- 
ination of the assumption of stable, vastly dif- 
ferent chemical differences between males 
and females, not just in horses, but in humans 
as well. Despite Laqueur’s discovery, the 
cultural representation of gender-defining 
male and female hormones did not disappear. 
Research on hormonal action in plant 
physiology sparked interest in growth- 
promoting hormones and also led to the first 
powerful, selective herbicides of the 1940s. 
Focusing on growth control, scientists rea- 
soned that one must understand normal 
growth in order to inhibit it. Hormones 
seemed to hold the key to controlling and 
manipulating growth. Investigations of the 
role of auxin, identified in 1926 by Dutch sci- 
entists as the hormone permitting stem elon- 
gation, were undertaken by U.S. scientists in 
the 1930s. At institutions such as the Boyce 
Thompson Institute, researchers tried to use 
hormones to promote growth and thus ad- 
dress the hunger problems of the Great De- 
pression. Plant hormone research was 
stepped up intensively during World War II, 
with the same purpose in mind, under the 
auspices of the Department of Agriculture. 
But elsewhere in government, top-secret 
committees discussed using hormones as a 
weapon to damage crops sorely needed by 
the enemy and to clear away the foliage con- 
cealing enemy fortifications. By war’s end, 
such projects became an official part of the 
Chemical Warfare Service. 
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Hubble, Edwin 
(b. Marshfield, Missouri, 1889; d. San 
Marino, California, 1953) 

When Edwin Hubble was a young man at 
the University of Chicago, a sports promoter 
saw him box and offered to train him to fight 
the heavyweight champion. Instead, the ath- 
letic Hubble became a Rhodes scholar and 
studied at Oxford. While abroad, he boxed 
in an exhibition match with French champion 
Georges Carpentier. He returned to the 
United States and finished his studies in 
1912. Although he had admired his science 
professors at Chicago, especially physicist 
Robert Millikan (1868—1953) and as- 
tronomer George Ellery Hale (1868—1938), 
he took a degree in jurisprudence and be- 
came a lawyer. A couple of years later, he 
abandoned this profession and became a 
graduate student at the University of 
Chicago’s Yerkes Observatory, finishing his 
Ph.D. in 1917. Although offered a job at the 
Mount Wilson Observatory in California, 
Hubble joined the army to fight in World 
War I. 

Hubble joined the researchers at Mount 
Wilson in 1919, after the war. He began his 
work using a 60-inch telescope, but soon the 
Hooker 100-inch telescope was ready for the 
scientists to use. Hubble’s contributions 
would not have been possible without this 
powerful telescope. He turned his research 
to exploit its capabilities, and began to exam- 
ine the most distant observable objects. His 
first major discovery, in 1923, was in identi- 


fying a Cepheid variable star in the great neb- 
ula in Andromeda. Cepheid variables had 
been demonstrated a decade earlier by Hen- 
rietta Swan Leavitt (1868—1921) as useful for 
determining distances. Now, the Cepheid 
could act as a marker to aid Hubble to deter- 
mine the distance to the nebula. 

Hubble’s determination of distance to the 
Andromeda nebula was crucial because of an 
outstanding argument between astronomers 
at the time. A famous debate between Har- 
low Shapley (1885-1972) and Heber D. 
Curtis (1872—1942) in 1920 had centered on 
whether nebulae—the cloud-like bodies in 
space—were in reality star systems of their 
own and, more important, whether they 
were part of our own system. Curtis took the 
position that the nebulae were indeed star 
systems separate from our own galaxy and 
could be regarded as “island universes.” Shap- 
ley took the opposing view, that the nebulae 
belonged to a single system shared by all. By 
1924, Hubble had found thirty-six variable 
stars in the Andromeda nebula, and he calcu- 
lated a distance of approximately 900,000 
light-years. But the maximum estimate of the 
Milky Way’s diameter was accepted at about 
100,000 light-years. Hubble’s results indi- 
cated that the nebula was very distant and 
well beyond the reaches of the Milky Way, 
our own galaxy. His results were announced 
at a meeting of the American Astronomical 
Society in December 1924. Curtis was vindi- 
cated, and Shapley’s view of a single galaxy 
was discredited. Shapley received a letter 
from Hubble with the results, and Shapley 
said that the letter destroyed his universe. 

Hubble was convinced that galaxies were 
the basic structural units of the entire uni- 
verse. He was the first, in 1925, to create a 
significant classification system for them. 
Most galaxies, he said, rotate around a cen- 
tral nucleus either in a spiral or elliptical 
shape. Hubble identified a number of other 
elements used to classify the various observ- 
able galaxies. He devoted the latter half of 
the 1920s to determining distances to other 
galaxies, and by 1929 he had obtained dis- 
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tances for eighteen isolated galaxies and for 
four within the Virgo cluster. 

Also in 1929, Hubble made a more re- 
markable discovery that had ramifications for 
both astronomy and cosmology. In 1912, sci- 
entists first measured radial velocity of stars 
(radial velocity is the rate at which the dis- 
tance between object and observer is chang- 
ing) by observing the displacement of spectral 
lines from starlight. The displacement was at- 
tributed to the Doppler effect. This effect 
usually is understood in relation to sound, like 
the ambulance siren changing tones as it 
comes closer or moves farther away, as sound 
waves are compressed or elongated. It can 
also be applied to light, in the case of astron- 
omy. Hubble noted that radial velocities in- 
creased with distance, and he calculated a 
ratio of that change, establishing the propor- 
tionality of radial velocity to distance (from 
the sun). Hubble and his colleague Milton L. 
Humason (1891-1972) examined spectra 
from the most distant observable stars, using 
a new type of fast lens to take photographs of 
faint spectra. Through this work, Hubble 
showed that the previously stated proportion- 
ality of radial velocity to distance could be ex- 
tended to bodies at a distance of more than 
100 light-years. This proportionality became 
known as Hubble’s Law. 

The spectral lines indicating radial velocity 
were displaced, or “shifted,” always toward 
the red end of the spectrum, never to the vi- 
olet end. The more distant stars exhibited a 
greater “red shift” than the closer stars, indi- 
cating greater radial velocity. The conclusion 
was staggering for cosmologists, who knew 
that red shifts indicated objects moving away 
from each other, whereas violet shifts (had 
they existed) would indicate objects moving 
closer. Because only red shifts were ob- 
served, all galaxies must be moving away 
from each other. The universe must be ex- 
panding. Such a conclusion, based on empir- 
ical evidence from Mount Wilson Observa- 
tory, 
cosmological theories, such as the “fire- 


stimulated renewed interest in 


works” or “Big Bang” theory of Georges 
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Lemaitre (1894—1966). Hubble’s discovery, 
which changed scientists’ conception of the 
universe, has been compared with those of 
Copernicus and Galileo. 

Hubble himself was not convinced by this 
interpretation and was suspicious of red shift. 
He preferred to use the term red shift to ve- 
locity of recession, because the former was neu- 
tral, based on observation, whereas the latter 
was an interpretation. By the late 1930s, 
Hubble began to reject the Doppler interpre- 
tation altogether, although cosmologists in 
turn rejected his interpretations of his own 
data and stuck to the expanding universe. 

During World War II, Hubble left astron- 
omy and became the chief of ballistics and di- 
rector of the Supersonic Wind Tunnel Labo- 
ratory at Maryland’s Aberdeen Proving 
Ground. After the war, he was instrumental 
in erecting the Hale 200-inch telescope at 
Palomar Observatory to penetrate even fur- 
ther into space. 


See also Astronomical Observatories; 
Astrophysics; Big Bang; Cosmology; Leavitt, 
Henrietta Swan; Shapley, Harlow 
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Human Experimentation 

Human experimentation, particularly when 
involuntary, raised fundamental questions of 
medical ethics that date to the ancient 
Greeks, when physicians adopted the Hippo- 
cratic Oath, swearing to do no harm to one’s 
patients. The ethical problem was debated in 
the United States at the turn of the twentieth 


century, owing to questionable practices in 
previous years. The American Antivivisec- 
tion Society (established in 1883) worked 
against experimentation on animals, and be- 
tween 1896 and 1900 the U.S. Congress con- 
ducted hearings to restrict it. Vivisection is 
like dissection, but involving a living body. 
Such efforts to establish strict regulations 
failed, while bringing to light attitudes con- 
doning even human experimentation in 
mainstream groups such as the American 
Medical Association. In subsequent years, 
leading researchers and physicians condoned 
treating patients with experimental drugs and 
techniques. This led to controversy in 1911 
when scientists at the Rockefeller Institute 
inoculated patients with an inactive form of 
syphilis in order to develop a diagnostic tool. 
Also controversial was the fact that re- 
searchers could gain access to patients in 
mental institutions, to orphans, and to con- 
victs, in order to conduct invasive experi- 
ments without consent. In 1916, a leading 
U.S. physician, Walter Cannon (1871— 
1945), editorialized in the Journal of the Amer- 
ican Medical Association that researchers 
needed to be more attuned to the rights of 
their own patients. 

Despite such cautions, human experimen- 
tation continued. The U.S. Public Health 
Service, for example, conducted an experi- 
ment to determine whether syphilis affected 
blacks differently than whites. Beginning in 
1932, four hundred syphilitic black men in 
the area of Tuskegee, Alabama, became part 
of a long-term observation of the disease. 
The patients were told that they had “bad 
blood” and were given pills, but these were 
really placebos made of aspirin. None of the 
patients were aware that they had syphilis, 
and no attempts were made to inform the pa- 
tients or to administer any known medication 
for the disease. Even after the development 
of penicillin to effectively treat syphilis dur- 
ing World War II, these patients received no 
help, to preserve the sanctity of the secret, 
long-term observation. The study continued 
into the 1970s. 
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The ruined foundations of the hospital at the Buchenwald concentration camp decay next to a standing camp building. 


Doctors at the camp carried out varying kinds of experimentation on human subjects, including exposure to dangerous 


diseases and experimental vaccines. (Ira Nowinski / Corbis) 


The most infamous cases of human exper- 
imentation were carried out by German sci- 
entists during World War II. Under the Nazi 
regime, Jews, Gypsies, and people with 
mental retardation were considered legiti- 
mate subjects for scientific research. They 
and other supposed “racial pollutants” were 
deemed a threat to the survival of the Aryan 
race. “Scientific” killing had the added benefit 
of contributing to knowledge. The Kaiser 
Wilhelm Institute for Brain Research, for ex- 
ample, was eager to dissect the brains of 
those killed who had suffered from cognitive 
disabilities. At the death camp in Auschwitz, 
Poland, physician Josef Mengele (1911— 
1978?) conducted experiments (including 
killings and dissections) on twins, dwarves, 
and Jews with genetic abnormalities, all as 
part of his own intellectual research interests. 
Mengele shipped body parts back to his col- 


leagues in German universities for analysis. 


These activities were not carried out merely 
by uneducated brutes in the Nazi Party; Ger- 
many’s leading scientists and physicians par- 
ticipated in and encouraged them. 

When Japan installed the puppet state of 
Manchukuo (in Manchuria) in the 1930s, the 
government sent bacteriologist Shiro Ishii 
(1883—1959) there to set up a biological war- 
fare unit. After World War II began, Ishii’s 
Unit 731 tested defensive weapons (such as 
vaccines) and offensive weapons (disease- 
causing pathogens) on human subjects, the 
vast majority of them Chinese. Unit 731 
tested the effects of plague, cholera, anthrax, 
typhus, and other diseases in three ways: 
individual human exposure in a laboratory, 
open-air exposure through experimental 
delivery systems (bombs), and field tests 
during which both civilian and military 
personnel were exposed. Experiments on 
disease dissemination required unorthodox 
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explorations, such as forcing victims to drink 
copious amounts of infected milk. Some of 
these experiments were reported in pub- 
lished papers, but referring to the human 
subjects as “Manchurian monkeys.” When the 
war ended, the United States helped Japan to 
conceal these events. Because the Japanese 
had operated under no legal or ethical con- 
straints, the data they possessed could not 
have been attained by U.S. researchers. Con- 
sequently, the United States decided not to 
prosecute the Japanese scientists for war 
crimes; in return, the scientists provided 
Americans with details of the experiments, 
which were integrated into the U.S. biologi- 
cal warfare program. 

During the war, the United States per- 
ceived that atomic weapons would transform 
the nature of warfare. At war’s end, U.S. of- 
ficials knew that this would require consider- 
able research on nuclear energy and the bio- 
logical effects of radiation. Scientists under 
the auspices of the Army and later the 
Atomic Energy Commission conducted 
human experiments to test the effects of ex- 
posure to plutonium or other radioactive 
substances. In 1945 and 1946, for example, 
patients at a civilian hospital in Rochester, 
New York, were injected with plutonium 
without their informed consent, at five times 


the levels that scientists believed a body 
could sustain without harm. Other experi- 
ments entailed giving pregnant women ra- 
dioactive elixirs while telling them that they 
had nutritional value, and putting radioactive 
iron or calcium into children’s cereal at a 
boys’ school in Massachusetts. Such experi- 
ments continued into the second half of the 
twentieth century and were not acknowl- 
edged by the U.S. government until the 
1990s. 


See also Atomic Energy Commission; Cold War; 
Medicine; Nazi Science; Public Health; 
Radiation Protection; Venereal Disease; 
World War II 
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Industry 
Because of widely held beliefs in close connec- 
tions between technological innovation and 
economic growth, science and industry main- 
tained a tight relationship in the early twenti- 
eth century. Some reformers hoped to shape a 
progressive society on scientific, rational prin- 
ciples, and industry often appeared to be an 
ideal realm in which to promote such 
progress. Efforts to reform scientific and edu- 
cational institutions in the nineteenth century 
convinced leading intellectuals that science 
should be put to work for overall economic 
well-being. Some institutions explicitly con- 
formed to that mission. For example, Britain’s 
Imperial College of Science and Technology 
was founded in 1907 to educate manufactur- 
ers and entrepreneurs in the sciences in the 
hope of providing both industry and govern- 
ment with scientifically minded leaders. 
Scientific work contributed to industry in 
numerous fields, such as chemistry, medi- 
cine, and electricity. The German dye indus- 
try, for example, established industrial re- 
search laboratories in the late nineteenth 
century. Although the dye industry was first 
developed in England, German chemists at 
companies such as Bayer developed not only 
dyes but also a host of organic chemical com- 
pounds. The work of industrial scientists 


could be applied in other realms, such as the 
pharmaceutical industry. Industry was put to 
work for the German government during 
World War I. In later years, the marriage of 
science and industry established the backbone 
of industrial giants, such as I. G. Farben, that 
relied on research laboratories to design, 
test, and help manufacture chemicals. 

Often governments took an active role in 
trying to promote industry through science. 
In the Soviet Union, for example, Stalinist 
reformers sought to accelerate industrializa- 
tion through rational, state-planned manage- 
ment. Centralized effort, many felt, could 
speed the dissemination of technology and 
scientific ideas throughout the country, and 
government control could break down exist- 
ing hierarchies of power in the factories, al- 
lowing innovation by younger men. Scien- 
tists and engineers were not united in this 
effort, however, and many believed the poli- 
cies were fundamentally flawed. 

During the 1920s, the perceived connec- 
tions between science and industry sparked 
efforts to have major corporations fund sci- 
entific research. In the United States, the Na- 
tional Academy of Sciences launched a 
scheme to have businesses contribute money 
for academic science. The funds were sup- 
posed to be managed by a board of trustees 
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made up of leading scientists and industrial- 
ists. But the project, called the National Re- 
search Fund, smacked of philanthropy and 
few contributed except a few giants of indus- 
try, largely because there could be no secrecy 
in such a scheme—no business edge for any- 
one who came up with a new idea. After 
1929, amidst the years of the Great Depres- 
sion, joint scientific efforts were abandoned. 

Individual companies continued to fund 
research, hoping to tap into new markets. 
This was occasionally successful, as in the 
case of the pharmaceutical industry; the com- 
panies required expertise, and the scientists 
needed funding for their research. Compa- 
nies such as Merck and Eli Lilly, for example, 
became leading producers of new drugs to 
treat diseases, using recent innovations from 
scientists. The isolation of insulin was the 
most widely celebrated of these; its mass 
production allowed the widespread treat- 
ment of diabetes, and the scientists—Fred- 
erick Banting (1891-1941) and John 
Macleod—were recognized with the Nobel 
Prize in Physiology or Medicine in 1923. It 
came about through a collaborative arrange- 
ment between Eli Lilly and Company and the 
University of Toronto. 

Outside of the pharmaceutical industry, 
successful industrial laboratories were oper- 
ated by companies such as General Electric 
and AT&T. In part, laboratories were main- 
tained in order to legitimize these compa- 
nies’ controversial monopolistic control of 
the marketplace. At the turn of the century, 
huge industrial combinations were met with 
skepticism by the U.S. government, and in- 
dustrial laboratories became crucial for help- 
ing large corporations establish legitimate 
patent claims for their domineering positions 
in the marketplace. Although developing 
new technology was a concern for these com- 
panies, they were far more concerned with 
developing new patents to outmaneuver 
competitors. Because of this, industrial re- 
search was geared toward design and innova- 
tion, despite being managed by leading men 


of science such as Frank Jewett (1879-1949) 
of Bell Laboratories and Irving Langmuir 
(1881-1957) of General Electric. Lang- 
muir’s research on surface chemistry led to a 
Nobel Prize, as did that of Clinton Davisson 
(1881—1958), whose work at Bell Laborato- 
ries helped provide experimental evidence 
for wave mechanics. Industrial research con- 
tinued strongly after World War I. 
Nonetheless, industry’s importance in fi- 
nancing science became secondary to that of 
the federal government, which became an ac- 
tive promoter and financial supporter of basic 
research in the late 1940s and beyond. 


See also Davisson, Clinton; Great Depression; 
Hormones; Medicine; Patronage; Penicillin 
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Intelligence Testing 

Modern intelligence testing owes its origin to 
Alfred Binet (1857—1911), a psychologist at 
the Sorbonne in Paris. In the 1890s, he was 


part of the school of French craniometers 
(skull measurers) who believed in a relation- 
ship between skull size and intelligence. 
Binet ultimately found his own data uncon- 
vincing, and he turned to a psychological ap- 
proach in 1904. His motivation came from 
the French government, which wanted him 
to devise a way to identify children with spe- 
cial needs, whose inclusion in normal class- 
rooms had been unproductive. Binet tried to 
construct a test that assessed basic reasoning 
through a series of diverse problems and ac- 
tivities. From a large variety of small tests, he 
arrived at an overall score; he published the 
scale initially in 1905. He assigned an age 
level to each kind of problem, and children 
taking the test were assigned a “mental age” 
at the conclusion of the test. In 1912, after 
Binet’s death, psychologists began to use the 
test by dividing mental age by actual age to 
arrive at the intelligence quotient, or IQ for 
short. IQ was the first widely used, quantifi- 
able measure of intelligence. 

Binet warned against using his test as any- 
thing more than a practical device; it should 
not be used, he said, to prop up a theory of 
intelligence. He made no claim of intelli- 
gence as innate. He wanted to use the tests 
to identify children in need of special atten- 
tion, not to label them as imbeciles inca- 
pable of improvement. But U.S. psycholo- 
gists, notably Henry Herbert Goddard 
(1866—1957) and Lewis M. Terman (1877— 
1956), expanded Binet’s intelligence tests 
to provide for widespread testing of the 
general population. Their work turned 
Binet’s practical, crude tool into a widely 
used measure for psychological study. Ter- 
man’s position at Stanford University gave 
the new test its lasting name, the Stanford- 
Binet IQ test. Terman’s innovations to the 
test, first published in 1916, were designed 
to provide a score of 100 for average people 
at each age level. Intelligent people scored 
above average, while the more feeble- 
minded scored far below. The Stanford- 
Binet IQ test was not limited to children; in 
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Alfred Binet (1857-1911), French psychologist who 
originated the intelligence test. (Bettmann / Corbis) 


fact, it was administered to soldiers during 
World War I, highlighting serious differ- 
ences in intelligence between young men 
from northern states and those from south- 
ern states, and indicating low scores for re- 
cent immigrants and African Americans. 
These results fueled a wave of racism and 
nativism in the United States that helped 
pass the Immigration Restriction Act of 
1924. Most intelligence tests were modeled 
on the Stanford-Binet one and were de- 
signed to agree with its results; psycholo- 
gists and laymen alike looked to Terman’s 
1919 book, The Measurement of Intelligence, 
for guidance on intelligence testing. 

After quantifying intelligence, psycholo- 
gists sought to prove that it was a perma- 
nent, static, and heritable feature of hu- 
mans. Henry Herbert Goddard brought 
Binet’s intelligence test to the United States 
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and transformed it into a tool for classifica- 
tion and the study of morons, a term he 
coined. He urged the spread of intelligence 
testing beyond the confines of psychology, 
into the military, the medical profession, 
and at immigration ports. Goddard even ar- 
gued, successfully in some cases, that people 
with low IQ scores ought not to be held 
criminally responsible for their deeds, be- 
cause they were imbeciles. Under Goddard, 
the pupils at New Jersey’s Training School 
for Feeble-Minded Girls and Boys became 
the subjects of experiments on mental re- 
tardation. In 1912 he published The Kallikak 
Family, in which he tried to demonstrate the 
permanence of degenerate minds from one 
generation to the next. This book was in- 
stantly hailed as strong support for the eu- 
genics movement, which emphasized good 
breeding, and it was published in 1933 by 
the Nazis as scientific proof for their propa- 
ganda against “inferior” peoples. In the late 
1920s, Goddard recanted his views that 
being a moron was not curable by education 
and that morons ought to be institutional- 
ized. In the late 1930s, Terman also moder- 
ated his views, noting the strong environ- 
mental influences on individual intelligence. 
The consequences of believing in innate, 
static, and inheritable levels of intelligence 
were vast. Both Goddard and Terman advo- 
cated social action against children with low 
scores and against groups with supposedly 
innate, genetic defects in intelligence. Ter- 
man suggested that feebleminded people 
would tend toward antisocial or immoral be- 
havior, such as prostitution in the case of 
women. He also noted that intelligence test- 
ing could predetermine one’s access to 
better jobs, which should be closed off from 
children who exhibited below-average IQs. 
Belief in permanent, inheritable, and thus in- 
evitable intelligence levels provided a justifi- 
cation for existing social classes and obviated 
the need to address them through regulation 
or education reform. It also rewarded those 
whose socioeconomic position fostered 


better education, while calling it “natural.” If 
intelligence is innate and unchanging, then 
intelligence testing would provide the ulti- 
mate means of a true meritocracy. But if it is 
not, and intelligence is formed through ge- 
netic and environmental influences, then 
schools relying solely on intelligence testing 
simply acted as “sorters” to validate and en- 
courage preexisting inequities between so- 
cial groups. 

See also Eugenics; Mental Retardation; Race 
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International Cooperation 

The notion that science is universal—the 
same laws apply everywhere—often con- 
tributed to the belief that science inherently 
was international. Although scientists often 
worked in the service of their respective 
countries, helping them compete for pres- 
tige or technological dominance, scientists 
also claimed to belong to a community of 
science that transcended national borders. 
There were undoubtedly many challenges to 
such notions: The efforts of Allied scientists 
to exclude Germans from international sci- 
entific organizations after World War I was 
the most obvious example, but there were a 
host of others. Nazis asserted that certain 
ethnic groups (i.e., Jews) were more in- 
clined toward fantastical, theoretical 
physics; Soviets claimed to eschew idealistic 
theories and tried to develop a Marxist, pro- 
letarian science. 


In the first decades of the twentieth cen- 
tury, international cooperation existed infor- 
mally, in the form of international study and 
international conferences. Many U.S. scien- 
tists, for example, studied in leading Euro- 
pean institutions in the first decades of the 
century. In physics, the Solvay Conferences 
were an early indication of the usefulness of 
an international forum to discuss scientific 
ideas, especially in times of great scientific 
controversy. For example, such conferences 
provided the Swiss-born German Albert Ein- 
stein (1879-1955) and the Dane Niels Bohr 
(1885-1962) to debate their views about 
quantum mechanics in the presence of col- 
leagues from outside their own institutions. 
After World War I, contacts were more dif- 
ficult and relations were strained. But after 
Germany became a member of the League of 
Nations in 1926, attitudes toward German 
scientists relaxed. The same year, they were 
permitted to join the International Research 
Council (IRC), which previously had banned 
them. The IRC soon tried to refashion its 
image and to take up the mantle of a truly in- 
ternational scientific body that should rise 
above politics. In 1931, it renamed itself the 
International Council of Scientific Unions 
(ICSU). It was composed of various unions 
representing scientific disciplines; its mem- 
bers were supposed to represent science, not 
countries. 

International cooperation often was most 
successful in the earth sciences, whose labo- 
ratory was itself international in scope. One 
avenue for international cooperation that 
proved successful was in oceanography. Be- 
ginning in 1902, scientists in several Euro- 
pean countries participated in the Interna- 
tional Council (later called the International 
Council for the Exploration of the Sea), a 
body directed at finding ways to manage 
plaice, cod, herring, and other fish. The In- 
ternational Council became a lasting body 
that mixed scientific and economic interests 
on an international level. Other efforts in- 
cluded the Pacific Science Association (PSA), 
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which was founded in 1920 after the Pan- 
Pacific Science Congress in Honolulu, 
Hawaii. The PSA initiated periodic con- 
gresses aimed to discuss research of interest 
to scientists (largely oceanographers, marine 
biologists, and geologists) of the entire re- 
gion. Despite their successes, both the Inter- 
national Council and the Pacific Science As- 
sociation were severely disrupted by World 
War II (and also World War I, in the case of 
the International Council), but both managed 
to survive. 

Science in the Polar Regions also sparked 
international cooperation. Although both the 
Arctic and Antarctic were noted more for na- 
tional competition (getting to the poles first; 
traversing the southern continent; exploring 
inlets; staking territorial claims), the rela- 
tively unknown conditions gave rise to the 
Second International Polar Year, in 1932. 
Fifty years after the first “year,” the Second 
IPY was designed to provide a better portrait 
of meteorological conditions by having scien- 
tists of various countries take the same kinds 
of data on specified days. Often seen as 
benchmark of success in international coop- 
eration, the Second IPY inspired a third in- 
stallment that was far more ambitious: the 
International Geophysical Year, in 1957— 
1958. First conceived in 1950, scientists in 
the United States and Britain hoped that in- 
ternational cooperation after World War II 
would give scientists “snapshots” of the earth. 


See also Conservation; Eddington, Arthur 
Stanley; International Research Council; 
Oceanography; World War I 
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International Research Council 

The International Research Council (IRC) 
was founded in 1919 to coordinate interna- 
tional science among those countries that had 
been victorious or neutral in World War I. It 
was composed of international unions, each 
devoted to a particular field of science. Al- 
though it was designed to promote interna- 
tional cooperation, it explicitly barred partic- 
ipation by scientists from the Central 
Powers. In particular, the organizers of the 
IRC, notably U.S. astronomer George Ellery 
Hale (1868—1938), hoped to prevent Ger- 
many from coming to dominate any field of 
endeavor, including science. 

The need for a body to coordinate inter- 
national cooperation in science was evident 
when the International Association of Acad- 
emies (IAA) dissolved during the war. The 
IAA was founded at the turn of the twenti- 
eth century for exactly that purpose, 
facilitating communication among various 
national academies of science. It had done 
little to accomplish that goal, although it 
comprised over twenty academies by the 
time the war broke out. Although some, 
especially Hale, initially tried to preserve 
the IAA during the war, the severity of ani- 
mosities among European scientists made 
personal relationships (on which scientific 
cooperation depended) seem unlikely after 
the war. The casualties of war were high, 
and many leading scientists had sons and 
nephews who had been killed; the prospect 
of sitting across a meeting table with 
Germans was anathema to French and 
British scientists, despite the alleged inter- 
nationalism of science. When the United 
States entered the war on the side of the 
Allies, Hale’s own sentiments became less 
inclusive, and he and others turned their 
attention toward creating a new body. 

The IRC was modeled largely on what 
Hale had created during the war in the 
United States, the National Research Coun- 
cil. The latter was supposed to coordinate re- 
search and promote activities that might 


serve the national interest, whether techni- 
cal, strategic, or industrial. The IRC could do 
the same thing, ensuring the dominance of 
the former Allied countries in scientific activ- 
ities. Yet the IRC was different because it 
wished to include neutral countries rather 
than “lose” them to a different international 
organization designed by the Germans; the 
goal was not merely to strengthen Allied sci- 
ence, but rather to isolate and exclude scien- 
tists from Germany. The motivation behind 
the IRC obviously was not in keeping with 
scientific internationalism, but it certainly 
was in keeping with leading Allied scientists? 
sense of morality and justice. In their view, 
German scientists had supported German 
militarism; just as politicians wanted to pun- 
ish Germany with reparations, scientists 
wanted to prevent them from participation in 
international science. 

Some scientists, typically those from 
countries that had been neutral during the 
war, objected to the exclusion of Germany. 
Notable scientists from Allied countries also 
objected, but the powerful role played by 
national scientific organizations such as the 
National Research Council (United States) 
and the Royal Society (Great Britain) helped 
to silence these views. Critics of exclusion 
noted that scientists were simply trying to 
carry on the war in science after the war 
between soldiers had ended. Nevertheless, 
on 28 July 1919, a month after the Treaty of 
Versailles ended the war, the International 
Research Council came into being and most 
of the invited neutral countries joined it. The 
clause that barred Germany was finally 
repealed in 1926, around the same time that 
Germany was allowed to join the League of 
Nations. 

Given the widespread belief in science’s 
inherent internationalism (i.e., that science 
is the common language of mankind and is 
not subject to national prejudices), the IRC 
stood as testimony that scientists were 
neither above politics nor above sentiments 
of chauvinism toward researchers from 


other countries; to the contrary, scientists 
in the case of the IRC simply followed pub- 
lic opinion. The IRC was renamed the 
International Council of Scientific Unions 
(ICSU) in 1931, and that body continues to 
exist. ICSU developed a reputation for its 
internationalism and its nonpolitical charac- 
ter; it celebrated its fifty-year anniversary in 
1981, not 1969, clear testimony that it felt 
no need to call attention to its embarrassing 
political beginnings. 


See also Hale, George Ellery; International 
Cooperation; Nationalism; World War I 
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Jeffreys, Harold 
(b. Fatfield, England, 1891; d. Cambridge, 
England, 1989) 

Harold Jeffreys was an influential mathe- 
matician and geophysicist who made contri- 
butions to understanding the earth’s structure 
and the origins of the planets. Jeffreys gradu- 
ated from Armstrong College in 1910 with a 
distinction in mathematics before going to St. 
John’s College, Cambridge University. He 
became a fellow there in 1914 and, after 
working at the Cavendish Laboratory during 
World War I, he taught mathematics at Cam- 
bridge until 1932. In subsequent years he also 
taught geophysics and astronomy, becoming a 
leading authority in several areas of the earth 
and planetary sciences. 

Direct evidence of the interior of the earth 
was not available then or now; the deepest 
borings made in the 1920s, when Jeffreys so- 
lidified his ideas, were at best little more than 
2 kilometers. For this reason scientists like 
Jeffreys turned to other kinds of evidence to 
make inferences about the physics of the 
earth’s interior at depths of more than 6,000 
kilometers. Scientists relied on the laws of 
gravitation, heat conduction, radioactive 
decay, and other methods to estimate the 
constitution of the earth. From seismological 
studies, Jeffreys made the controversial claim 


that the earth’s core must be liquid. He be- 
lieved that this necessitated a change from the 
widely accepted “planetesimal hypothesis” of 
planet formation, which assumed the accre- 
tion of already-cooled solid chunks. Jeffreys 
suggested that planets formed while they 
were still liquid, and their slow cooling left 
liquid cores in their interiors. 

Jeffreys took an interest in the motion and 
structure of the bodies of the solar system 
during the war years. In the 1920s, he devel- 
oped his own view that revised the existing 
planetesimal hypothesis of U.S. scientist 
Thomas Crowder Chamberlin (1843—1928). 
The planetesimal hypothesis suggested that 
planets were formed by accretion of “plan- 
etesimals” ejected from the sun. This concept 
had been favored by geologists, but as- 
tronomers paid little attention to it; Jeffreys 
sought to rectify the situation with a theory 
that appealed to both groups. The tidal hy- 
pothesis, as it was known, was concerned 
with the rupture of fluid masses, the means by 
which bits would be ejected from the sun. Jef- 
freys and colleague James Jeans (1877—1946) 
proposed that a passing star could exert a 
gravitational influence much like the moon 
exerts on the tides on earth; if the tidal influ- 
ences were strong enough, the rudimentary 
forms of planets would be torn from the sun. 
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Jeffreys set forth his ideas about the 
earth’s structure in The Earth (1924), which 
went into several editions and became the 
most frequently cited book on the subject 
for the next three decades. It described the 
earth as a liquid core surrounded by a solid 
mantle, topped by a thin crust. He explained 
the formation of mountains by claiming that 
the earth contracted. In later years, because 
of the popularity of the text, Jeffreys became 
a principal authority whose views plagued 
the efforts of scientists who believed in con- 
tinental drift. 

Jeffreys was also known for his contribu- 
tions to the field of statistics, and he pub- 
lished extensively on this subject in the 1930s 
and 1940s. His Theory of Probability (1939) 
synthesized his own work on Bayesian statis- 
tics and tried to rectify a controversy with 
statistician (and geneticist) Ronald A. Fisher 
(1890-1962), who had developed what he 
considered a superior approach to the 
Bayesian one. In 1946, Jeffreys developed 
what became known as Jeffreys prior in sta- 
tistics. He became a fellow of the Royal Soci- 
ety in 1925 and was knighted in 1953. 


See also Age of the Earth; Continental Drift; 
Cosmology; Earth Structure; Geophysics; 
Origin of Life; Wegener, Alfred 
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Johannsen, Wilhelm 
(b. Copenhagen, Denmark, 1857; d. 
Copenhagen, 1927) 

Many European biologists of the twentieth 
century owed their understanding of heredity 


to the work of Wilhelm Johannsen. The 1909 
German version of his Elements of Heredity 
contained the fundamental concepts, many 
created by Johannsen, of the new science of 
genetics. 

Although genetics was born from the re- 
discovery of Gregor Mendel’s (1822—1884) 
work around 1900, Johannsen already had 
conceptualized many of his ideas by that 
time. He had begun a career as a pharmacist, 
only to abandon this profession in favor of 
botany and chemistry. Initially, his research 
focused on the ripening, dormancy, and ger- 
mination of various plants, and he was most 
attracted to areas of study that could be quan- 
tified and understood with mathematical pre- 
cision. This led him to admire the biometri- 
cians of the late nineteenth century who used 
statistics to understand evolutionary change. 
He began to study variability in heredity in 
the 1890s, influenced not only by Charles 
Darwin’s (1809-1882) evolutionary writings 
but also by those of Francis Galton 
(1822-1911), whose work carried the merit 
(to Johannsen’s mind) of resulting from 
quantitative, statistical methods. 

Despite his appreciation for Galton’s 
work, Johannsen went a long way toward 
discrediting his conclusions about heredity. 
Galton, the leading figure in nineteenth cen- 
tury eugenics, had argued that any given 
characteristic of offspring will “regress” to 
the average of their parents. Populations as a 
whole regress toward mediocrity; organisms 
with less desirable traits tend to improve 
upon breeding, whereas organisms with 
more desirable traits tend to produce organ- 
isms inferior to themselves. His views defied 
Darwin’s theory of evolution, which posited 
natural selection as the mechanism for change 
in a population. Galton seemed to indicate 
that no permanent change occurred from one 
generation to the next. 

Johannsen pointed out some deficiencies 
in Galton’s law of regression. Galton’s ex- 
periments with self-fertilizing sweet pea 
plants showed that, despite efforts to simu- 


late natural selection, each new population of 
offspring “regressed” to reflect the average 
(of some chosen characteristic) of the previ- 
ous generation before selection. Galton thus 
rejected Darwinian natural selection. Jo- 
hannsen experimented with princess beans, 
and chose weight as the character to watch. 
He found that the beans produced by self-fer- 
tilization appeared to exhibit a range of vari- 
ability in weight. But taken as a whole, both 
these beans and their offspring were about 
the same average weight. While individuals 
may have seemed different, statistically the 
bean population did not change from one 
generation to the next. Even taking the light- 
est beans and self-fertilizing them (in effect, 
simulating natural selection) did not result in 
only light beans in the subsequent genera- 
tion. Instead, the next generation—again, 
taken as a whole, averaging the weight of the 
whole population—was the same as the gen- 
eration prior to the artificial selection. But 
Johannsen’s interpretation was somewhat 
different from Galton’s. They agreed that re- 
gression was taking place and that natural se- 
lection never was a factor because no herita- 
ble change ever took place. But Johannsen 
believed that this population of self-fertilizing 
beans was a “pure line,” whose offspring 
would always have identical heritable charac- 
teristics as the parents, despite apparent vari- 
ability. There were many such “pure lines” in 
nature. The choice to be made by Darwinian 
natural selection, according to Johannsen, 
was between competing pure lines, not 
minute environmental variations within the 
“pure line” population. 

But if Johannsen, like Galton, rejected that 
continuous variation within a population pro- 
duced choices for natural selection, how did 
evolution through natural selection occur? 
Johannsen’s criterion was simple: A trait 
must be heritable in order to constitute a 
new “pure line.” To provide such new, per- 
manent traits, Johannsen turned to the work 
of the Dutch botanist Hugo De Vries 
(1848—1935), who in 1900 proposed muta- 
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tion as a form of discontinuous variability in a 
population. The concept of mutation, which 
could create a new pure line, would preserve 
Darwinian evolution within the new science 
of genetics. 

De Vries had helped resurrect the ideas 
published more than three decades earlier by 
Gregor Mendel. Mendel’s mathematical de- 
scription of hybridization established the idea 
of dominant and recessive characteristics. 
Mendel’s work transformed Johannsen’s, 
providing evidence that led him in 1903 to 
discard Galton’s interpretation of regression 
and replace it with his own conception of 
pure lines whose interactions were governed 
by Mendelian laws. 

Johannsen’s work solidified the concept 
of the gene as a stable entity that could be 
passed on to the next generation without en- 
He also added 
some of the basic vocabulary of genetics. He 


vironmental interference. 


coined the word gene to describe the unit of 
heredity. He also created a way to distin- 
guish the general characteristics of pure lines 
from the appearance of variability in individ- 
uals within the pure line. The genotype de- 
fined the pure line, whereas the phenotype 
described outward appearance. The two 
types often differed because the phenotype 
was subject to environmental influences, but 
only the genotype described heritable char- 
acteristics. Johannsen outlined these con- 
cepts in The Elements of Heredity, published in 
1905 in Danish and rewritten in 1909 in 
German. 


See also Bateson, William; Evolution; 
Genetics; Mutation; Rediscovery of Mendel 
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Joliot, Frédéric, and Irène Joliot- 
Curie 

(b. Paris, France, 1900; d. Paris, 1958) 
(Irène Joliot-Curie b. Paris, 1897; d. Paris, 
1956) 

Before beginning her own scientific life, 
Irène Curie’s fame came principally from her 
mother and father, Marie Curie (1867—1934) 
and Pierre Curie (1859—1906), whose re- 
search in radioactivity provided the early 
foundations of the field around the turn of 
the century. Having such illustrious parents 
worked to her advantage, and after World 
War I she studied at the Sorbonne, taking a 
licence in physics and mathematics. She had 
worked with her mother during the war, set- 
ting up radiographic equipment for medical 
use at the front. Her research, following in 
her parents’ footsteps, was in radioactivity. 
She received a doctorate in 1925 and married 
her most important collaborator, Frédéric 
Joliot, in 1926. 

Unlike Irène, Frédéric did not come from 
a famous French family. His father was a 
merchant who had taken part in the Paris 
Commune after the Franco-Prussian War, a 
fact that compelled him to flee France for a 
while to escape persecution. Frédéric was the 
youngest of six, and he studied at the École 
Supérieure de Physique et de Chimie Indus- 
trielle to become an engineer. But under 
the influence of physicist Paul Langevin 
(1872—1946), he altered his plans and began 
to work for Marie Curie at the Radium Insti- 
tute in 1925. He fell in love with Irène and 
married her a year later. They combined 
their names, and both took the surname Jo- 
liot-Curie. He soon earned his licence and, 
later, his doctorate in 1930. The next year 
the couple began their fruitful collaborations. 

Joliot’s training as an engineer helped him 
to construct an improved version of C. T. R. 
Wilson’s cloud chamber. It enabled an ob- 
server to see and photograph the paths of 
electrically charged particles as they passed 
through a gas. The chamber became his fa- 
vorite tool, and it proved useful in a number 
of projects on subatomic particles. Their re- 
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search led James Chadwick (1891—1974), to 
his fortune and not theirs, to discover the 
neutron, and they also missed discovering the 
positron (an electron with a positive charge), 
discovered by Carl Anderson (1905—1991). 
Both were discovered in 1932, the so-called 
annus mirabilis (Latin for “year of miracles”) 
of physics. But the Joliot-Curies were not too 
late for another important discovery: artifi- 
cial radioactivity. 

In 1934, they observed that by bombard- 
ing aluminum with alpha rays, they produced 
radioactive atoms with a half-life of just more 
than three minutes. This radioactivity 
seemed much like the beta activity so often 
observed by physicists, but the electrons 
were positive (they were in fact positrons). 
The effect also seemed to show an ejection of 
neutrons. This meant that an aluminum atom 
was bombarded with an alpha particle, re- 
sulting in the ejection of a neutron and the 
creation of a short-lived radioactive isotope 
of phosphorus. This then decayed into a sta- 
ble isotope of silicon. They conducted a sim- 
ilar experiment with boron, bombarding it 
with alpha rays to produce a radioactive iso- 
tope of nitrogen that had a half-life of more 
than ten minutes. They soon announced that 
they had created artificially radioactive ele- 
ments from known stable elements. The dis- 
covery encouraged a flurry of work on artifi- 
cial radioactivity, including Enrico Fermi’s 
(1901—1954) efforts to do so by neutron 
bombardment. 

The Joliot-Curies received the Nobel 
Prize in Chemistry in 1935. Ironically, in 
their Nobel lectures, Irène the chemist re- 
counted the discovery of the positive beta 
decay, a physical property, whereas Frédéric 
the physicist explained the chemical identifi- 
cation of the radioisotopes. Although Marie 
Curie lived to see these fundamental results 
in the field she helped establish three decades 
earlier, she died before her daughter and son- 
in-law received the prize. 

Both Frédéric and Irène received honors 
and important positions after their Nobel 
Prize. Irène served as France’s secretary of 
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Frédéric Joliot and Irène Joliot-Curie shared the Nobel Prize in 1935. (Bettmann / Corbis) 


state for a few months in 1936 under Léon 
Blum’s (1872—1950) Popular Front. She 
then accepted a professorship at the Sor- 
bonne. Frédéric became a professor at the 
Collège de France in 1937. After the discov- 
ery of fission by Otto Hahn (1879—1968) in 
1939, Joliot was the one to furnish proof of 
the great kinetic energy of fission fragments. 
He also noted that fission was accompanied 
by the ejection of more neutrons than was 
necessary to create the reaction. This meant 
that it might be possible to create a fission 
chain reaction and, because of the great en- 
ergy involved, even a bomb. 

Joliot frustrated many other scientists be- 
cause he refused to go along with Hungarian- 
born physicist Leo Szilard’s (1898—1964) idea 
not to publish work on fission. Szilard, who 


had immigrated to the United States, argued 
that the Nazis were trying to develop a bomb, 
and thus the latest work should not be made 
available to them. But Joliot continued his 
work and published it. He ordered uranium 
oxide from the Belgian Congo and a large 
quantity of heavy water from Norway, to be 
used as a moderator to absorb neutrons in an 
experimental chain reaction. When Germany 
started World War II, Joliot sent some of his 
materials to England. Under Nazi rule, he di- 
verted his research from atomic energy to 
other questions of physics. He also secretly 
joined the Communist Party and helped in the 
resistance against Germany. Irène escaped 
with their children to Switzerland. 

After the war, Joliot helped convince 
General Charles De Gaulle (1890—1970) of 
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the need for a French atomic energy commis- 
sion. The Commissariat à l Energie Atom- 
ique (CEA) was created in 1945 with Joliot at 
its head. Irène Joliot-Curie joined him there 
as one of the directors of research, while she 
also took up the directorship of Paris’s Ra- 
dium Institute. Under Joliot’s leadership, 
France built its first atomic reactor in 1948, 
and soon it built a new nuclear research cen- 
ter at Saclay. But his activities with the Com- 
munist Party, and his declaration that he 
would never support a war against the Soviet 
Union, annoyed the French government. He 
was removed from his position of leadership 
in 1950. He spent the 1950s doing research, 
teaching, and agitating for peace groups. 

Irène was like her mother in another way. 
Both worked for years with dangerous mate- 
rials, exposing themselves to large quantities 
of X-rays and gamma rays. Both mother and 
daughter died of leukemia, a tragic side effect 
of a new and mysterious property of nature. 
When Irène died in 1956, Frédéric took over 
her position as director of the Radium Insti- 
tute. He died after an operation in 1958 and 
was given a state funeral. 


See also Atomic Structure; Curie, Marie; 
Loyalty; Physics; Radioactivity 
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Jung, Carl 
(b. Kesswil, Switzerland, 1875; d. 
Küsnacht, Switzerland, 1961) 

Carl Jung began an autobiographical 
sketch of himself by recounting his earliest 
memories and dreams, which he called “is- 


lands of memories afloat in a sea of vague- 
Like Sigmund Freud (1856—1939), 
Jung placed a great deal of importance on 


» 
ness. 


early experiences in shaping human personal- 
ity, for discerning the causes of one’s fears, 
appetites, and motivations. But whereas 
Freud emphasized the primacy of sexuality in 
unconscious motivation, Jung looked else- 
where. He was convinced of the existence of 
deep structures in the human psyche that 
rested in the unconscious. This went beyond 
the formation of personality that Freud had 
studied and popularized. He set forth these 
ideas in The Psychology of the Unconscious in 
1913. For Jung, these structures were histor- 
ical, shared in unconscious collective mem- 
ory, expressed in myths and in symbolic im- 
ages he called “archetypes.” They found 
expression in individuals. 

Jung abandoned psychoanalysis altogether 
in 1914 in favor of his own creation, analyti- 
cal psychology. Because of his focus on the 
collective unconscious, Jung began a wide- 
ranging study of the history and myths of cul- 
tures all over the world. Here he hoped to 
identify elements of the psyche’s historical 
structure, which lay beneath the personal 
level to which psychoanalysis confined itself. 
He also developed a system to classify per- 
sonalities at the conscious level, organized by 
types. Attitude types included introverts and 
extroverts; function types were thinking, 
feeling, sensation, and intuition. These types 
existed in combination, constituting the ego 
in each individual. Jung called the process of 
interaction between the collective uncon- 
scious and the conscious ego “individuation.” 

Jung developed an international reputa- 
tion, as well as an extensive coterie of fol- 
lowers that helped to expand the understand- 
ing of collective symbols throughout the 
world. One controversial, yet seemingly pre- 
scient, conclusion he drew was about the 
German people. Jung found the archetypal 
themes in his German patients ominous. To- 
ward the end of World War I, he predicted 
that the threatening themes in the German 
collective unconscious pointed toward an- 


Carl Jung, pictured here, eventually broke from his mentor, 


Freud, partly because of differences over the importance of 
sexuality. (Bettmann/ Corbis) 


other episode of Germany endangering Eu- 
rope. In these years he engaged in compara- 
tive studies, traveling to the United States, 
throughout Europe, and to Africa to study 
tribes in Kenya and Uganda. 

The rise of Nazism seemed to lend credi- 
bility to Jung’s study of archetypes, given 
that he had predicted a further menace aris- 
ing from Germany. Some accused him of 
being a Nazi sympathizer, which seemed 
born out by his presidency of the Interna- 
tional General Medical Society for Psy- 
chotherapy, which had Nazi connections. 
One reason such accusations seemed justified 
was Jung’s unwillingness to see Adolf Hitler 
(1889-1945) as an aberration from German 
culture. He saw Hitler as the mouthpiece of 
Germany’s collective unconscious, not as an 
individual man manipulating the populace. 
He later claimed that his views stemmed not 
from sympathy toward Nazism, but rather 
from the need to acknowledge that the views 
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and aims of the Nazis were products of a gen- 
eral trend rather than the influence of one 
person. 

World War II ended Jung’s travels, but not 
his writing. He developed his famous theory of 
synchronicity, or “meaningful coincidences,” 
which abandoned any emphasis on causality in 
favor of understanding the meaning of random 
occurrences. Jung pointed once again to the 
collective unconscious, which could bring 
forth events and images simultaneously with 
no apparent causal connection between them. 
Like all of his ideas, this one was controversial. 
His earlier work, on archetypes and individu- 
ation, has proven more lasting, as have his dis- 
tinctions between extrovert and introvert atti- 
tude types. Jung’s conflict with Freud was a 
feud that, if nothing else, provoked fruitful de- 
bate for the development of psychology in the 


twentieth century. 


See also Freud, Sigmund; Psychoanalysis; 
Psychology 
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Just, Ernest Everett 
(b. Charleston, South Carolina, 1883; d. 
Washington, D.C., 1941) 

Ernest Everett Just was an African Ameri- 
can marine biologist and embryologist. Born 
and raised in South Carolina, Just attended 
college at the predominantly white Dart- 
mouth College, where he excelled in biology 
and history and took his degree in 1907. He 
received his doctorate in 1916 from the Uni- 
versity of Chicago, where he studied under 
Frank Lillie (1870—1947). He became a pro- 
fessor of zoology at Howard University, a his- 
torically black college. In 1915, Just won the 
first Spingarn award from the National Asso- 
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Ernest Everett Just felt that racial prejudice limited his role 


as a scientist in the United States and moved to Europe. 


(Moorland-Spingarn Research Center Library) 


ciation for the Advancement of Colored Peo- 
ple, for contributions in the service of his 
race. These laudable achievements character- 
ized him as a black man with honors relative 
to other African Americans. Just’s goal, never 
truly attained, was to be recognized as the dis- 
tinguished scientist he was, not simply to be 
applauded as a distinguished black scientist. 
The challenges of Just’s scientific career 
underscored the racial prejudices of U.S. so- 
ciety. Prejudice barred Just from the re- 
search-oriented universities where he craved 
to be. To distinguish himself as leading scien- 
tist, he needed a position, research support, 
and graduate students. Howard University 
was a safe appointment, because it retained 
his identity as a scientist during a time when 
white research universities would not have 
considered him. But at Howard, Just was en- 


couraged to concentrate on teaching, not re- 
search. To skirt around such problems, Just 
applied for funding from numerous sources 
to support his research, but these successes 
were often problematic. Some grant-provid- 
ing organizations insisted that he show con- 
tributions to the advancement of his race, 
whereas often Just was simply interested in 
contributing to marine biology. 

To stay connected to the research 
community, Just spent most of his summers 
in the 1910s and 1920s in Woods Hole, 
Massachusetts, at the Marine Biological 
Laboratory (MBL). MBL provided the 
research opportunities that he lacked at 
Howard University, allowing him to pursue 
the research that made him a leading marine 
biologist. His research focused primarily on 
the fertilization of marine invertebrates, and 
he became a member of the editorial board 
of the journal Physiological Zoology. But Just 
was dissatisfied by what he felt was ill 
treatment of him by the white scientific 
community. Aside from MBL, no other 
white research institution would tolerate 
him, and he rarely succeeded in getting 
funds for research. His mentor, Frank Lillie, 
made little use of his reputation to help Just 
gain financial support and urged him to stay 
at Howard. 

Embittered, Just gave up on the ULS. sci- 
entific community and traveled instead to 
Europe, where he lived in the 1930s. Ironi- 
cally (given the political futures of these 
countries), he turned to Italy and Germany; 
he worked at the Naples Zoological Station 
and the Kaiser Wilhelm Institute for Biology 
in Berlin. In Europe, Just further developed 
his theoretical ideas of fertilization and de- 
velopment, emphasizing the role of the ec- 
toplasm (the outer portion of the cell). Just 
argued that the ectoplasm’s behavior was 
one of the prime factors in differentiation 
during development and should be consid- 
ered by biologists as more than just a mem- 
brane covering the cell. This was the main 
theme of his major work, The Biology of the 


Cell Surface, published in 1939. In the same 
year, he also published Basic Methods for Ex- 
periments in Eggs of Marine Animals. Disillu- 
sioned with U.S. society, Just left every- 
thing behind when he moved to Europe, 
including his family. He remarried a Ger- 
man woman and settled in France, where he 
worked at the Sorbonne. 

When war broke out, Just was interned 
briefly by the Nazis. He soon moved back to 
the United States and rejoined the faculty at 
Howard University. He died shortly there- 
after. Frank Lillie wrote an obituary and 
drew attention to Just’s frustrations at 


Just, Ernest Everett 169 


Howard University, noting that he was “con- 
demned by race to remain attached to a 
Negro institution unfitted by means and tra- 


dition to give full opportunity to ambitions 
such as his.” 


See also Embryology; Marine Biology; Race 
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Kaiser Wilhelm Society 

The Kaiser Wilhelm Society was a scientific 
body that served as the umbrella organization 
for dozens of research institutes in Germany 
in the first half of the century. Beginning in 
1905, several leading chemists in Germany 
hoped to found an organization that would 
connect science to national interests. Emil 
Fischer (1852-1919), Wilhelm Ostwald 
(1853-1932), and Walther Nernst (1864— 
1941) lobbied to create such a body devoted 
to chemical research, financed jointly by the 
chemical industry and the imperial govern- 
ment itself; the body would be both academic 
and practical. In their view, this would help 
to facilitate the process of imperial Ger- 
many’s modernization, tying its fortunes 
closely to scientific advancement. Initially re- 
jected, the project was modified to be more 
inclusive (not just chemistry), and it became 
the Kaiser Wilhelm Society for the Promo- 
tion of Science, or KWG (Kaiser-Wilhelm- 
Gesellschaft zur Forderung der Wissen- 
schaften), named for the reigning emperor of 
Germany. 

The main effort of the KWG was in estab- 
lishing and managing research institutes. It fi- 
nanced the first two institutes with the help 
of the Verein Chemische Reichsanstalt and a 
wealthy industrialist named Leopold Koppel 


(1854—1933). They were both founded in 
1911, devoted to chemistry and_ physical 
chemistry. The latter, formally called the 
Kaiser-Wilhelm Institute for Physical Chem- 
istry and Electrochemistry, reflected a strong 
desire to link physics and chemistry research 
to areas of broad industrial interest. Each in- 
stitute was controlled by a council composed 
of donors and government officials, along 
with a scientific board and the director of the 
institute. The first two institutes were lo- 
cated on a portion of the Prussian Royal Es- 
tate of Dahlem, today a suburb of Berlin. The 
opening ceremonies for the first two insti- 
tutes, held in 1912, were attended by emi- 
nent scientists and Kaiser Wilhelm II 
(1859-1941). By 1914, two more institutes 
had been added: the Institute for Experimen- 
tal Therapy (also in Dahlem) and the Institute 
for Coal Research (in Mülheim). More than 
thirty other institutes for science were cre- 
ated as part of the KWG system in subse- 
quent years. 

The goal of the KWG was shaped consid- 
erably by World War I, which began shortly 
after it was founded. Fritz Haber (1868— 
1934) became the first director of the Insti- 
tute for Physical Chemistry, and he soon 
turned the focus of research at the institute to 
military matters. In particular, the scientists 
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worked on improving explosives, resulting in 
a serious accident in 1914 during which an 
explosion killed one of the physicists, Otto 
Sackur (1880-1914). It was during this pe- 
riod that scientists began to develop chemical 
weapons as a way to break the stalemate of 
trench warfare. The institutes were engaged 
in this kind of work, either developing chlo- 
rine and mustard gas or devising ways to pro- 
tect soldiers against enemy attack through 
special respiratory equipment (gas masks). 
The scale of this work turned the KWG into 
a large organization. 

After the war, scientists at the institutes 
turned their attention to basic research or ef- 
forts to help their country survive a difficult 
period marked by harsh indemnity payments 
and generally poor economic conditions. 
Haber, for example, launched a project to 
study the possibility of extracting gold from 
seawater to help make the payments. The 
feasibility of such a scheme was based on 
early experimental evidence that turned out 
to be grossly overestimated. Meanwhile, spe- 
cialized departments within the KWG system 
proliferated, including one for atomic physics 
led by James Franck (1882—1964). His work 
at the Institute for Physical Chemistry led to 
a Nobel Prize in 1925. His and others’ work 
helped the institute become a favored desti- 
nation for researchers throughout Europe 
and North America, seeking training and col- 
laboration. 

Although the institutes were at the center 
of science in the 1920s, especially the trans- 
formation of theoretical and experimental 
physics, this came to an end with the rise of 
fascism and the coming of Nazis into power 
in Germany. In 1933, Haber was ordered to 
fire racially inferior (i.e., Jewish) employees; 
Haber, himself a Jew, was exempt from this 
because of his past service and his eminence 
in Germany. But rather than carry out the 
orders to remove other Jews from their 
posts, Haber resigned. Other department 
heads also resigned; in general, many of the 
leading scientists in Germany emigrated. 


Physical chemist Otto Hahn (1879-1968) 
initially took over Haber’s position as direc- 
tor, but soon he was replaced by scientists 
whose views were more in line with those of 
the government. 

Throughout this period, the president of 
the Kaiser Wilhelm Society, physicist Max 
Planck (1858—1947), attempted to help Ger- 
man science survive amidst the demands of 
the Nazi regime. The KWG depended on the 
Third Reich for support and Planck’s goal 
was to salvage what he could of German sci- 
ence while trying not to offend the Nazis. 
Planck, the originator of quantum theory, 
was more than seventy years old; he used his 
position as a venerable elder physicist to pro- 
tect Jewish colleagues while coddling the 
Nazis. This meant accepting Nazi agents 
throughout the “scientific” society and losing 
battles over leadership positions. Ultimately, 
other scientists more loyal to the Nazis de- 
cried the KWG as a society not for science, 
but for the social legitimization of Jews. 
Planck had to fire his colleagues and was him- 
self forced out. 

The KWG suffered deeply from the ef- 
fects of Nazi rule. During World War II, its 
institutes were directed toward war re- 
search, as they had been during World War 
I. After Germany’s defeat in 1945, science 
underwent a major reorganization under for- 
eign occupation forces. The names of old in- 
stitutions were changed. In 1948, the Kaiser 
Wilhelm Society became the Max Planck So- 
ciety, a change linking it to a respected scien- 
tist rather than to an emperor whose name 
seemed (to the occupation forces) synony- 
mous with militarism. 


See also Chemical Warfare; Haber, Fritz; Nazi 
Science; Planck, Max; World War I; World 
War Il 
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Kammerer, Paul 
(b. Vienna, Austria, 1880; d. Austria, 1926) 

Paul Kammerer was a Viennese biologist 
who defended the Lamarckian interpretation 
of evolution during a period when it vied for 
dominance against Darwinian natural selec- 
tion and Mendelian genetics. He was best 
known for his role in a scandal involving his 
studies of midwife toads. Kammerer did not 
shy from drawing out the broad meaning of 
his scientific work, which seemed to indicate 
that man could actively shape the destiny of 
his own species. This elicited the suspicions 
of his peers and led ultimately to his downfall 
and suicide. 

Kammerer claimed to have demonstrated, 
in the laboratory, that characteristics ac- 
quired in the lifetimes of various animals 
could be inherited. The midwife toad, Alytes 
obstetricans, was a land variety of toad that 
lacked a particular pad used by water vari- 
eties of toads during mating. Kammerer 
claimed to have bred midwife toads in water 
and, after a few generations, they developed 
the pad and a dark spot much like those of 
water toads. In addition, he claimed that the 
acquired trait was inherited from one gener- 
ation to the next. The concept of the inheri- 
tance of acquired characteristics was funda- 
mental to the Lamarckian interpretation of 
evolution, but it was not consistent with Dar- 
winism. Jean-Baptiste Lamarck (1744—1829) 
had noted that, as in the case of giraffes’ 
necks growing long because of continued ex- 
ertion, species developed through the action 
of the organism. Charles Darwin (1809— 
1882) accepted change only as a result of ran- 
dom variation prior to the organism’s devel- 
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Paul Kammerer was a biologist who claimed to demonstrate 


Lamarkian inheritance in the amphibians he bred. He 
committed suicide amid allegations of fraud. 
(Bettmann / Corbis) 


opment. Darwinism rejected both design in 
nature and the inheritance of acquired char- 
acteristics. 

The findings of Kammerer’s experi- 
ments, performed prior to World War I, 
seemed to be a triumph for Lamarckian evo- 
lution. It was also a triumph for philoso- 
phers and thinkers of all stripes who were 
happy to see that nature allowed for pro- 
gressive, directed evolution. It lent cre- 
dence to the view that society itself could be 
engineered for the better. It became a 
weapon in the arsenal of eugenicists who 
wanted, through good breeding, to purify 
the racial composition of their own citi- 
zenry. The only problem was that Kam- 
merer’s results could not be replicated in 
other laboratories. After the war, he toured 
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with preserved specimens, and in 1923 he 
lectured about Lamarckian inheritance in 
the United States and Britain. Skeptical, 
British geneticist William Bateson (1861— 
1926) insisted that Kammerer allow other 
scientists to have a closer look at his speci- 
mens. After a few years of reluctance, he 
allowed U.S. herpetologist Gladwyn K. 
Noble (1894—1940) to view a specimen; 
Noble found no pad at all, but he saw that 
the dark spot had been colored by an ink in- 
jection. He reported these results, to the 
dismay of the scientific world. Less than two 
months later, in 1926, Kammerer shot him- 
self in the mountains of Austria. 

Kammerer, a socialist, became a hero in 
the Soviet Union, where he was much re- 
spected (he had been offered a position there) 
for his defense of Lamarckian evolution. Bi- 
ologists in that country rejected both 
Mendelian genetics and Darwinian natural 
selection; Kammerer’s Lamarckian outlook 
was an attractive alternative. In his 1972 
book, The Case of the Midwife Toad, author 
Arthur Koestler attempted to revive Kam- 
merer’s reputation. He observed that some- 
one besides Kammerer probably tampered 
with the specimen, either to discredit him or 
to help him by making the marks more 
prominent. Many factors contributed to his 
suicide in addition to his scientific setback, 
including a complicated love affair. Still, the 
revelation of a scientific fraud, coupled with 
his suicide, did little to strengthen the posi- 
tion of Lamarckian evolution vis-à-vis Dar- 
winian evolution. 


See also Bateson, William; Evolution; Genetics; 
Lysenko, Trofim 

References 

Bowler, Peter J. Evolution: The History of an Idea. 
Berkeley: University of California Press, 
1989. 

Gould, Stephen Jay. “Zealous Advocates.” 
Science, New Series 176:4035 (12 May 
1972): 623—625. 

Koestler, Arthur. The Case of the Midwife Toad. 
New York: Random House, 1972. 


Kapteyn, Jacobus 
(b. Barneveld, Netherlands, 1851; d. 
Amsterdam, Netherlands, 1922) 

Dutch astronomer Jacobus Kapteyn was a 
leading figure not only in astronomy, but 
also in international cooperation. Kapteyln 
was based at the University of Groningen, 
and his interests lay in the distribution and 
motions of stars. But at the end of the nine- 
teenth century, data on stars was poor; few 
had taken the time to provide the basic mod- 
ern measurements. Kapteyn, in addition to 
compiling a major catalogue of his own to- 
ward the end of the nineteenth century, be- 
came a major impetus behind twentieth-cen- 
tury cooperative studies throughout the 
world to provide the astronomical commu- 
nity with the information needed to improve 
knowledge of the universe. 

Unlike many other centers of astronomical 
study, the University of Groningen did not 
have a large telescope of its own, or even a 
useful observatory. Kapteyn conducted his 
work in a couple of rooms in the physiologi- 
cal laboratory. In place of a telescope, 
Kapteyn studied photographic plates taken 
from data collected at the Cape Observatory 
between 1885 and 1890. He used a theodo- 
lite, placed away from the photographic 
plates at the same distance as the focal length 
of the original telescope. In this way, an ap- 
paratus typically used for land surveying was 
used to measure the coordinates of stars. He 
also measured the apparent magnitudes of the 
stars. To help with some of the menial labor, 
a local prison put some of its convicts at 
Kapteyn’s disposal. The result was a cata- 
logue of 454,875 stars, published between 
1896 and 1900. 

In 1904, Kapteyn announced a discovery of 
two “star streams” while at a congress in St. 
Louis, Missouri. This stemmed from his inves- 
tigations of stellar distances. Of the two meth- 
ods for calculating distance, measuring either 
proper motion or apparent magnitude, 
Kapteyn preferred the former because magni- 
tudes depended on the properties of the stars 


and thus involved too many variables. Proper 
motions, the movement of individual stars rel- 
ative to each other, had been discovered in the 
eighteenth century by Edmond Halley 
(1656—1742)—-stars previously had been be- 
lieved to be fixed in place. Kapteyn investi- 
gated the distribution of stars according to 
their velocities. Like others, he assumed that 
stars moved about randomly, like gas mole- 
cules, with no rhyme or reason to the direc- 
tion. But soon Kapteyn came to the conclusion 
that stars seemed to prefer some directions. 
He identified two separate, though intermin- 
gled, groups of stars having different mean 
motions in relation to the sun. The existence 
of two “star streams” astonished the astronom- 
ical community, suggesting some kind of 
order in the apparent randomness of the uni- 
verse. In particular, Kapteyn’s discovery 
prompted some of the influential work by Karl 
Schwarzchild (1873—1916) on stellar motion 
and distribution. 

Kapteyn used his influence to coordinate 
an international plan of action to advance the 
science of astronomy. He realized that posi- 
tion and apparent brightness were known for 
fewer than a million stars, whereas proper 
motions were known for a few thousand, and 
trigonometric parallaxes were known for 
fewer than a hundred. After discussions with 
colleagues in various countries, he initiated a 
plan to have astronomers all over the world 
concentrate work on some two hundred stel- 
lar areas, taking the same kinds of data. 
Kapteyn’s plan became a hallmark of interna- 
tional cooperation. It evolved under the 
guidance of a committee of prominent as- 
tronomers (including Kapteyn himself) and 
became a crucial component of the Interna- 
tional Astronomical Union. Kapteyn was a 
strong supporter of scientific international- 
ism, believing that it was each scientist's duty 
to rise above political animosities. Although 
many shared his view, World War I hurt this 
vision badly, in all scientific disciplines. 
Kapteyn was saddened to see Germany ex- 
cluded from international science after the 
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war, and he even resigned his membership to 
his homeland’s Royal Netherlands Academy 
of Sciences and Letters because of its com- 
plicity in such actions. 

Kapteyn capped his career with a model of 
the galaxy, published in the year of his death 
in 1922. He hoped to develop a dynamical 
theory, incorporating new knowledge in 
density distribution and motions. He repre- 
sented the Milky Way as resembling a 
squashed sphere, rather than a rugby ball or 
ULS. football. The system revolved around an 
axis, about one-fifth the length of the diame- 
ter from one edge of the Milky Way to the 
other side. He estimated the thinning out of 
stars with distance from the axis, and he be- 
lieved the sun to be fairly near the center. It 
was a major effort to provide a systemic un- 
derstanding of stars, but rival models soon 
replaced many of his views. 


See also Astronomical Observatories; 
Astrophysics; Pickering’s Harem 

References 

Blaauw, A. “Kapteyn, Jacobus Cornelius.” In 
Charles Coulston Gillispie, ed., Dictionary of 
Scientific Biography, vol. VII. New York: 
Charles Scribner’s Sons, 1973, 235—240. 

North, John. The Norton History of Astronomy and 
Cosmology. New York: W. W. Norton, 1995. 


Koch, Robert 
(b. Clausthal, Oberharz, Germany, 1843; d. 
Baden-Baden, Germany, 1910) 

Most of Robert Koch’s life and work be- 
long firmly to the nineteenth century, but he 
also had considerable influence on the twen- 
tieth century. Many of the fundamental prin- 
ciples of bacteriology were developed or 
modified by him and his colleagues in Berlin, 
and he became an international celebrity for 
his isolation of the agents of anthrax, tuber- 
culosis, and cholera, all scourges of the nine- 
teenth century. Koch was directly responsi- 
ble for shaping public health in the early 
twentieth century, based on knowledge of 
microbes as the origin of disease. His work 
led not only to scientific discoveries, but also 


176 Koch, Robert 

to a public transformation in conceptions of 
personal hygiene as a way to prevent sickness 
and disease. 

Koch’s achievement in the late nineteenth 
century was in identifying the specific bac- 
terium that caused a certain disease. In 1882, 
he demonstrated the role of the tubercle 
bacillus in causing all forms of tuberculosis. 
He developed a method of identification by 
isolating a microorganism in tissue, then in- 
jecting it into a healthy individual; if the iden- 
tical disease resulted, the proper agent had 
been identified. By the early 1900s, scientists 
had used similar techniques to identify a host 
of diseases from the bubonic plague to 
syphilis. 

Koch posited the novel hypothesis that 
some diseases, such as diphtheria and ty- 
phoid, could be carried by healthy individu- 
als—showing no symptoms—and passed on 
to others. He also had shown that the tuber- 
cle bacillus was present in sputum; the impli- 
cation was that there was a widespread igno- 
rance about the contagious effects of spitting, 
coughing, and even breathing. Thus at the 
dawn of the twentieth century, public health 
officials were confronted with the severe 
challenges of tracking, and halting, infections 
across populations. What were the most 
likely intermediaries for bacteria? This prob- 
lem sparked intensive studies of the channels 
of disease contagion. 

When typhoid fever broke out in the Ruhr 
region of Germany in 1901, Koch was re- 
cruited to help find ways of containing it. 
Koch emphasized the need for sanitary water 
supplies and sewage disposal as well as the 
need to avoid contact with those already in- 
fected. He began investigations of the spread 
of the disease, which resulted in the creation 
of new laboratories and health officials 
trained in bacteriology. His efforts helped to 
halt the epidemic and reduce the death toll. 

Koch traveled extensively, including sev- 
eral years in the first decade of the twentieth 
century in equatorial Africa, investigating 
local diseases. He experimented on monkeys 





Robert Koch, the German bacteriologist whose work was 


influential in public health measures. (Bettmann / Corbis) 


in order to isolate and study the bacteria of 
Coast and Texas fevers, sleeping sickness, 
and African relapsing fever. His work on tu- 
berculosis, however, was the most widely 
praised, and he received the Nobel Prize for 
it in 1905. He returned to Africa in 1906 as 
leader of the German Sleeping Sickness 
Commission and conducted exhaustive stud- 
ies of that disease over the next couple of 
years. He returned to Berlin in 1907 and 
spent the remainder of his life improving 
methods of tuberculosis control. His work in 
bacteriology provided not only a basis for sci- 
entific study of microorganisms, but also a 
transformation of public understanding of 
disease; his work demonstrated the need for 
rigorous public health measures. 


See also Ehrlich, Paul; Medicine; Microbiology; 
Public Health 
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Kurchatov, Igor 

(b. Sim, Ufimskaya guberniya [later 
Ufimskaya oblast], Russia, 1903; d. 
Moscow, USSR, 1960) 

Kurchatov was the father of the Soviet 
atomic bomb. In 1934, he received his doc- 
torate in physics and mathematics and spent 
the next several years studying the recently 
discovered neutron. Like scientists in Ger- 
many, Britain, and the United States, he be- 
came interested in nuclear fission and the in- 
triguing possibility of nuclear chain reactions. 
The center of Soviet physics was Leningrad; 
it was home to the Leningrad Physical Tech- 
nical Institute, led by Abram Ioffe (1880— 
1960), and the Radium Institute, led by V. 
G. Khlopin (1890—1950). Kurchatov joined 
loffe’s group and was fast becoming a leader 
in nuclear studies. He and his colleagues 
published on nuclear research even after this 
field slipped under a veil of secrecy in other 
countries. 

All this changed when Germany declared 
war on the Soviet Union in 1941. Scientists 
abandoned their institutes for safer locales in 
the east. Kurchatov left his nuclear work and 
put himself to more immediate use by help- 
ing the Black Sea fleet develop methods of 
protecting ships from magnetic mines. Dur- 
ing the war some scientists, especially 
Georgii Flerov (1913-1990), urged Kurcha- 
tov and other leading scientists to push the 
government harder to support nuclear re- 
search, reasoning that an atomic bomb was 
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going to be developed elsewhere while the 
Soviets were left behind. Flerov even wrote 
to Joseph Stalin (1879—1953) himself, in a 
letter perhaps analogous to the one Albert 
Einstein (1879—1955) wrote to Franklin 
Roosevelt (1882—1945) in the United States. 

The Soviet decision to build an atomic 
bomb was made around the time of the battle 
of Stalingrad. Until this decisive turn of 
events in the war, Stalin had deemed scien- 
tific work on uranium as superfluous to the 
immediate concerns of the war and as a waste 
of resources. But after a long struggle at Stal- 
ingrad, Soviet forces surrounded the German 
invaders and compelled them to surrender in 
February 1943. The Soviet counteroffensive 
was codenamed “Uran,” which some scholars 
argue is a reference to the fact that Stalin de- 
cided at this time to start up work again on 
the “uranium problem.” 

Although Soviet espionage had been suc- 
cessful in tracking atomic research, especially 
the British work, most Soviet scientists were 
not aware of it. By early 1943, Kurchatov 
still was not convinced that an atomic bomb 
was possible and had no idea how long such a 
project would take. Shortly after the battle of 
Stalingrad, the government turned over the 
intelligence materials to him, revealing some 
of the work already accomplished in Britain 
and the United States. Kurchatov’s doubts 
disappeared. 

Physicists Iulii Khariton (1904—1996) and 
Iakov Zelľdovich (1914—1987) had con- 
ducted research on nuclear chain reactions, 
hoping to use uranium and heavy water as 
moderator, but had concluded that such ef- 
forts were hopeless. The British data showed 
otherwise. In addition, the data indicated a 
promising route to the bomb by creating the 
artificial element plutonium. There is no 
doubt that espionage played a central role in 
convincing Soviet physicists, and thus the So- 
viet government, to begin work in earnest on 
an atomic bomb, and it is likely that the proj- 
ect was intended as a postwar weapon, not as 
a decisive weapon against Germany in the 
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current war. Kurchatov became the scientific 
director of the project, and he continued in 
this role as leader of nuclear projects until his 
death in 1960. 

When the war ended, the pressure on 
Kurchatov and others to produce an atomic 
bomb was immense. The confrontation be- 
tween the Soviet Union and the United States 
intensified with each year, while the Ameri- 
cans enjoyed the diplomatic leverage of pos- 
sessing a monopoly on atomic bombs. 
Buoyed by secrets provided about the U.S. 
project by Klaus Fuchs (1911-1988), who 
was later convicted and imprisoned for espi- 
onage, and the availability of uranium from 
mines in Germany and Czechoslovakia, the 
project under Kurchatov advanced faster 
than most expected. Kurchatov worked well 
with colleagues at all levels of the chain of 
command. He was known affectionately as 
“the Beard” (because of his distinctive long 
beard) and less affectionately as “Prince Igor” 
to the scientists who worked under him. He 
also had the skills needed to work under the 
Lavrentii Beria (1899-1953), notorious for 
his leadership of the secret police and his role 


in other internal affairs, who administered 
the atomic bomb project after 1945. 

Kurchatov’s team conducted the first So- 
viet test of an atomic device on 29 August 
1949, a mere four years after the United 
States dropped atomic bombs on Hiroshima 
and Nagasaki. Kurchatov and his colleagues 
were showered with honors by the govern- 
ment; they had broken the atomic monopoly 
and provided Stalin with an atomic weapon. 
Kurchatov’s work continued, including the 
development of the hydrogen (fusion) bomb 
in 1953. When he died, his ashes were laid to 
rest in the Kremlin. 


See also Atomic Bomb; Cold War; Espionage; 
Soviet Science; World War II 
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Lawrence, Ernest 
(b. Canton, South Dakota, 1901; d. Palo 
Alto, California, 1958) 

Ernest Lawrence, a U.S. physicist, in- 
vented the cyclotron in the 1930s and was a 
leading figure in high-energy particle physics. 
He attended the University of South Dakota, 
where he took a degree in chemistry in 1922. 
He received his doctorate in physics from 
Yale University in 1925. Three years later, 
he took up a position at the University of Cal- 
ifornia—Berkeley; over the next two decades, 
Lawrence transformed that institution into 
the world’s focal point in high-energy physics 
and the location of the most advanced parti- 
cle accelerators. 

In 1929, Lawrence conceived of a particle 
accelerator that would, by electromagnetic 
force, keep the particles rotating in a spiral 
before finally being ejected. By 1932, 
Lawrence and one of his graduate students, 
M. Stanley Livingston (1905—1986), had in- 
vented a device that produced 80,000-volt 
protons. Particle acceleration seemed to be 
the most effective way to conduct physical 
experiments on atoms; particles needed a lot 
of energy to overcome the repulsion of other 
atomic nuclei in order to collide with them. 
Cyclotron was the name used by local re- 
searchers to describe Lawrence’s accelera- 


tors, and the appellation stuck. Cyclotrons 
became effective “atom smashers,” capable of 
creating artificial elements and artificial ra- 
dioactivity. Other laboratories built them, or 
requested samples from the experiments 
conducted at Berkeley. Although the Nobel 
Prize in Physics was not typically awarded for 
technological inventions, in this case the 
Nobel Committee made an exception and 
awarded the prize to Lawrence in 1939. 
Lawrence’s name is often associated with 
Big Science, a phrase used to describe the kind 
of scientific inquiry he helped to create: large 
teams of researchers, well-funded laborato- 
ries, and expensive, complex equipment. 
The Berkeley group did not accomplish a 
great deal of pure physics in the 1930s, 
mainly because of Lawrence’s focus on build- 
ing newer and better particle accelerators. 
The results of these efforts were used by oth- 
ers. But with the development of more effi- 
cient and faster cyclotrons at Berkeley, 
Lawrence’s ability to attract researchers and 
funding was all the more impressive because 
it was accomplished during times of severe fi- 
nancial hardship, the Great Depression. Be- 
cause of his experience in the 1930s, he be- 
came an effective manager in the early stages 
of the U.S. atomic bomb project, the largest 
scientific project ever undertaken in the 
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United States, in terms of scientific and ma- 
terial resources. He led the effort to “enrich” 
uranium through the process of electromag- 
netic separation of U-238 and U-235. 

In subsequent years, Lawrence continued 
to occupy a leading place in all nuclear mat- 
ters. A political conservative, he found him- 
self estranged from former colleagues such as 
J. Robert Oppenheimer (1904—1967), who 
had directed the scientific team at Los 
Alamos during the war (Lawrence had 
backed him for this post). His views during 
the early Cold War diverged sharply from 
those of other scientists who sought to limit 
the role of atomic weapons. He and Oppen- 
heimer had become friends at Berkeley in 
1929, and they had complemented each 
other there during the 1930s, Oppenheimer 
as a theoretician and Lawrence as an experi- 
mentalist; their relationship soured toward 
the end of the war and afterward. They dis- 
agreed particularly in 1949, on the question 
of whether the United States should develop 
a “super” weapon, a hydrogen bomb. Such 
weapons, based on principles of atomic fu- 
sion, would be a thousand times more pow- 
erful than the fission weapons dropped on 
Hiroshima and Nagasaki. Lawrence favored 
it, criticizing Oppenheimer’s (and others’) 
outspoken opposition to it. Lawrence be- 
lieved that it should be developed to counter 
the Soviet threat, whereas Oppenheimer saw 
it as a weapon of genocide. Lawrence’s view 
prevailed, and the United States developed 
thermonuclear weapons. 

The success of high-energy particle physics 
at Berkeley owed a great deal to Lawrence’s 
personal energy. He expected a great deal 
from his colleagues and students, and exerted 
a great deal of pressure on them. He evi- 
dently exerted similar pressures on himself: 
Lawrence suffered during his life from ulcer- 
ative colitis, a condition exacerbated by 
stress. Ultimately he died of it. 


See also Artificial Elements; Atomic Bomb; 
Cyclotron; Manhattan Project; Physics 
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Leakey, Louis 
(b. Kabete Mission, near Nairobi, Kenya, 
1903; d. London, England, 1972) 

Louis Leakey was the dominant voice from 
the field of anthropology, who claimed that 
human beings originated in Africa. Most an- 
thropologists of his day were convinced that 
Asia was the birthplace of man, because the 
oldest known fossils had been found in China 
and Java. As a paleoanthropologist, Leakey 
sought new fossil evidence to support his 
view that Africa held remains of human an- 
cestors far more ancient. He was born and 
raised in Kenya, speaking not only English 
but also the language of the Kikuyu tribe. He 
was initiated into the tribe at age thirteen, 
and he later wrote a book about Kikuyu cul- 
ture. He studied at Cambridge University, 
taking degrees in anthropology and archaeol- 
ogy in 1926. He met Mary Nicol 
(1913—1996), of London, in the 1930s while 
married to his first wife. By 1936 he was di- 
vorced, and he married Mary; they now were 
not only a couple but also scientific collabo- 
rators. 

Leakey’s notoriety came from his long ex- 
perience in the field, searching for fossil re- 
mains in Africa. Owing to a head injury he 
received while playing rugby, Leakey took 
some time off from his studies at Cambridge 
and instead made a trip to Tanzania in 1924 
as part of a paleontological expedition. Later, 
in the 1930s, he came to focus on Tanzania’s 


Olduvai Gorge. Leakey’s first book, The 
Stone Age Cultures of Kenya Colony (1931), de- 
tailed some of his important findings of the 
late 1920s. One of these was the discovery of 
specific tools known to be in use in other 
parts of the world, which demonstrated a 
level of African social sophistication on par 
with other areas. In the early 1930s, he found 
a number of fossils that he believed to be an- 
cient, and he insisted that a certain skull of a 
man in the Olduvai Gorge was among the 
oldest then known. Amidst scientific contro- 
versy, he had to retract his statements. 
Leakey continued excavations at Olduvai in 
the hopes of finding the most ancient human 
ancestors, but his reputation suffered in the 
mid-1930s because some of his claims turned 
out to be erroneous and his field methods 
were criticized. During this period he wrote 
his 1936 autobiography, White African. 

Leakey came to international fame in the 
late 1940s, because of excavations made on 
Rusinga Island in Lake Victoria. In 1948, he 
and Mary Leakey discovered a skull that he 
believed to be 20 million years old. He 
named it Proconsul africanus; although some 
suspected it was a progenitor of man and ape, 
scientists soon discarded the notion that it 
was a direct ancestor of either. The discovery 
led to fame for the Leakeys and for increased 
financial support, particularly by the National 
Geographic Society. Leakey’s quest for a ho- 
minid fossil to prove man’s origins in Africa 
bore fruit in 1959, after some thirty years of 
searching. Mary Leakey found a skull in de- 
posits accompanied by stone tools. Aged 
some 1.75 million years, Leakey claimed this 
hominid, Zinjanthropus boisei, as a human an- 
cestor. Called “Zinj” for short, it was later 
determined to be Australopithecus. In later 
years, Leakey and his other collaborators 
identified more fossils as distant ancestors of 
humans. 

Occasionally Leakey was viewed as a 
showman or adventurer rather than a scien- 
tist, more concerned with proving his theory 
about man’s origins than with scientific eval- 
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uation of evidence. Nevertheless, one of 
Leakey’s most valuable attributes to science 
was his attention to detail and context. When 
he and his team uncovered fossils, they 
recorded a great deal about the geological, 
paleontological, and archaeological context. 
Much of this was owing to the archaeological 
efforts of Mary Leakey. Neither Louis Leakey 
nor Mary, nor their son Richard—all promi- 
nent paleontologists—took doctoral de- 
grees. Louis Leakey prided himself on being 
an outsider, working beyond the confines of 
the academic world. Yet he was loved by 
the public; he gave numerous lectures, and 
periodicals such as National Geographic made 
Leakey’s work known throughout the En- 
glish-speaking world. Leakey died of a heart 
attack while on his way to a speaking engage- 
ment in London. 


See also Anthropology; Missing Link 
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Leavitt, Henrietta Swan 
(b. Lancaster, Massachusetts, 1868; d. 
Cambridge, Massachusetts, 1921) 

Henrietta Swan Leavitt discovered a rela- 
tionship between brightness and periodicity 
in variable stars, enabling some of the most 
far-reaching theoretical changes in astron- 
omy and cosmology in the twentieth cen- 
tury. Leavitt attended what became Rad- 
cliffe College; after Leavitt graduated in 
1892, an illness left her almost totally deaf. 
In 1895, she took a position at Harvard Col- 
lege Observatory, where she worked under 
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Henrietta Swan Leavitt was one of several women working in “Pickering’s Harem” who made fundamental contributions to 


astronomy. (Photo courtesy Margaret Harwood, AIP Emilio Segrè Visual Archives, Shapley Collection) 


the observatory’s director, astronomer Ed- 
ward Pickering (1846—1919). She became a 
permanent staff member in 1902. 

Leavitt’s work, in part, was to make a sur- 
vey of Cepheid variable stars in the Magellanic 
Cloud, a cluster of distant stars. She devel- 
oped expertise in photometric astronomy, 
taking measurements from photographic 
plates acquired by exposure under the obser- 
vatory’s telescopes. These plates were very 
useful because they were more sensitive than 
the human eye. Pickering was in the process 
of amassing a collection of such plates, not 
only from the Harvard College Observatory 
but also from other observatories throughout 
the world. Leavitt took a special interest in 
the plates of stars from the Magellanic Cloud, 
and she soon discovered the abundance of 
variable stars in them, called Cepheids. These 
stars appeared to “blink” over time, as their 


brightness changed in a cyclic fashion. In 
1908, Leavitt noted that the brightest of these 
stars also had the longest period of variability. 

In 1912, Leavitt extended this analysis to 
include more stars and proposed a relation- 
ship between the apparent brightness (or lu- 
minosity) of the Cepheid variables and their 
periodicity (the time between “blinks”). She 
and others realized that one needed only to 
calculate the distance to these Cepheids, 
which almost certainly were roughly the same 
distance from the earth, to have a useful yard- 
stick for measuring other distances. For ex- 
ample, if a researcher found two stars of the 
same apparent luminosity but with differing 
periods, he or she could estimate the differ- 
ence in distance based on the period. Unfor- 
tunately, Leavitt herself was not in a position 
to mount a research program to do this. In 
1913, Danish astronomer Ejnar Hertzsprung 


(1873-1967) determined the distance to 
some Cepheid variables; using Leavitt’s 
method, the distances to other Cepheids then 
could be determined. The Cepheid variables, 
using Leavitt's discovery of the luminosity- 
period relationship, became powerful tools 
for astronomers and cosmologists in subse- 
quent years. Among other things, in the 
1920s, they led Harlow Shapley (1885—1972) 
to extend estimates of the size of the Milky 
Way by ten times, and they led Edwin Hubble 
(1889—1953) to demonstrate that some 
nebulae were far too distant to be considered 
part of the Milky Way. The latter discovery 
helped to establish the galaxy as the basic 
structural unit of the universe. 

Leavitt was one of several talented women 
who made a career in the field of astronomy 
in the first half of the twentieth century, 
largely because of the efforts of Pickering to 
hire women. She was conducting “women’s 
work,” at the time limited to the most te- 
dious aspects of science such as recording 
data and conducting basic calculations. Leav- 
itt was part of a team of female workers at 
the observatory, and they were occasionally 
called “Pickering’s harem.” Some of them, 
like Leavitt, were physically disabled in some 
way. A great part of Leavitt’s accomplish- 
ment is that she did it while confined to what 
male astronomers would not have considered 
creative, truly scientific work. The fact that 
her work gained her a great deal of notoriety 
is fully justified given the deep and quick im- 
pact it had on the world of astronomy. She 
also became an inspirational icon not only for 
women scientists but also for the deaf. 


See also Astronomical Observatories; Hubble, 
Edwin; Pickering’s Harem; Women 
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Light 

Light as we know it—visible light—is only 
one part of the broader phenomenon of elec- 
tromagnetic radiation. Although other kinds 
of electromagnetic radiation would be identi- 
fied in the twentieth century, this aspect of 
light had already been identified by James 
Clerk Maxwell (1831-1879) in the 1870s. 
The understanding of light changed dramati- 
cally during the first part of the twentieth 
century, while it continued to be used as a 
tool for understanding the universe. Physi- 
cists in the nineteenth century believed that 
light, like sound, needed a medium through 
which it could be propagated. A ubiquitous 
medium known as the “ether,” not detectable 
but theoretically necessary, was invented by 
scientists to account for the fact that light 
traveled through seemingly empty (except 
for the ether) space. But already light ap- 
peared to have some special properties. Ex- 
periments in the 1880s had demonstrated 
that light moved at a constant speed in all di- 
rections, despite widespread belief that the 
earth careening through space should have a 
minute effect on its speed in one direction 
and not another. 

The intensive study of X-rays and radioac- 
tivity (the latter produced gamma rays) at the 
dawn of the twentieth century opened ques- 
tions about the nature of radiation and the 
structure of both light and matter at the 
smallest scales. The work of Albert Einstein 
(1879-1955) transformed understanding of 
light in at least two ways. First, he demon- 
strated that electromagnetic radiation carries 
momentum. Drawing on recent work by 
Max Planck (1858—1947) on quantum the- 
ory, Einstein believed that light quanta car- 
ried momentum and their impacts could be 
measured. This meant that such quanta (pho- 
tons, light quanta became called) were equiv- 
alent to a certain amount of mass. Einstein’s 
famous equation, E = mc’, referred to energy 
being the product of mass and the square of 
the speed of light. The finding, that light car- 


ried momentum and could exert a small 
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amount of force, appeared to demonstrate 
the particulate nature of light rather than its 
wave nature. 

Einstein also set the velocity of light as the 
speed limit of the universe. In his 1905 the- 
ory of special relativity, Einstein disposed of 
the notion of the ether and asserted that no 
medium was necessary to propagate light. In 
getting rid of the ubiquitous medium, he also 
abandoned the whole notion of fixed points 
in space. He observed that all physical meas- 
urements must be made between moving ob- 
jects, and there is no objective “fixed” point 
from which to observe motion. At high 
speeds, objects moving past each other will 
observe time appearing to slow, mass in- 
creasing, and length contracting, in the ob- 
ject flying past. If the speed of light could be 
reached by anything other than light, time 
would appear to stop, mass would appear to 
be infinite, and length would seem to shrink 
to nothing. 

In addition to the concepts of photons and 
light’s constant speed, Einstein proposed 
with his theory of general relativity that light 
itself is malleable like the rest of the universe 
and that it is bent by gravity. British astro- 
physicist Arthur Eddington (1882—1944) set 
out to prove this by measuring the effects of 
starlight in close proximity to the sun. Dur- 
ing his 1919 expedition to view a solar 
eclipse on an island off the coast of Africa, 
Eddington found that Einstein had been 
right—the shortest distance between two 
points, the path always followed by light, 
could sometimes be a curve. 

Relativity was only one of the many ma- 
nipulations of light in the twentieth century. 
Light was the principal tool for understand- 
ing the cosmos. Before the widespread adop- 
tion of radio astronomy after World War II, 
light had no competitor in the field of astron- 
omy. Henrietta Swan Leavitt (1868—1921), 
examining photographic plates of the stars at 
Harvard College Observatory, noted a rela- 
tionship between the brightness of some 
flashing stars and the period of the flashing. 


These “Cepheid variables” became a tool for 


judging distances, because one needed only 
to find stars of the same apparent luminosity 
(brightness) that had differing periods in 
order to judge rough differences in distance 
to the earth. Aside from this important find- 
ing, by far the most useful application of light 
phenomena in science was its spectrum, 
which is produced when light is passed 
through a prism. Spectral analysis formed the 
basis of the blackbody problem that sparked 
the beginning of quantum physics. In astron- 
omy, spectral analysis was very practical. 
Solids and gases yielded different kinds of 
spectra: Whereas luminescent solids produce 
perfect spectra, luminescent gases produce 
spectral lines rather than all the colors of the 
rainbow. Each element, in gas form, pro- 
duces its own “signature” pattern of spectral 
lines. When gases surround a luminescent 
body, those lines are absorbed in the light 
being emitted. Scientists on earth, viewing 
the spectrum of a star, see black absorption 
lines, which tell the scientists precisely what 
kinds of gases surround the star. Using this 
knowledge, U.S. astronomer Edwin Hubble 
(1889—1953) in the 1920s found that in the 
most distant sources of light, the spectral 
lines were strangely shifted toward to the red 
end of the spectrum. This “red shift” was a re- 
sult of elongated light waves, much like the 
that is, the 
sounds of a siren approaching and receding 





Doppler effect upon sound 


yield different tones, because of contraction 
and elongation of sound waves. From this, 
Hubble determined that the universe was ex- 
panding. 

The discovery of X-rays and radioactivity 
at the end of the nineteenth century, along 
with the twentieth-century development of 
new theoretical approaches—quantum 
physics, relativity, quantum mechanics— 
transformed understanding of light. By mid- 
century, light was understood as only one 
kind of electromagnetic radiation, of which 
X-rays, gamma rays, radio waves, and other 
kinds of waves, previously thought to be sep- 
arate entities, were also varieties. The differ- 
ences among these kinds of waves were 


wavelength. Although light appeared to act 
like a wave, the “Copenhagen interpretation” 
of quantum mechanics, developed and pro- 
moted by Werner Heisenberg (1901—1976) 
and Niels Bohr (1885—1962), proposed 
something about light that was both startling 
and paradoxical. They were aware that Ein- 
stein also demonstrated the particle-like na- 
ture of light, as in the case of the photon. But 
the principal of complementarity, developed 
largely by Bohr in 1927, asserted that two 
seemingly contradictory explanations of phe- 
nomena—in this case the wave or particle in- 
terpretation—could be perceived as comple- 
mentary. One did not need to choose 
between them, because neither one repre- 
sented a more fundamental “reality” than the 
other. At the subatomic scale, electromag- 
netic radiation or even the components of the 
atom, such as electrons, cannot be conceived 
of as one or the other, but rather one must 
accept the wave-particle duality. Light be- 
haved as both a particle and a wave. 


See also Astronomical Observatories; Cherenkov, 
Pavel; Einstein, Albert; Philosophy of 
Science; Physics; Quantum Mechanics; 
Quantum Theory; Raman, Chandrasekhara; 
Relativity; X-rays 
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Lowell, Percival 
(b. Boston, Massachusetts, 1855; d. 
Flagstaff, Arizona, 1916) 

Percival Lowell was an amateur as- 
tronomer who built a major private observa- 
tory and used it to study what he believed to 
be the remnants of extraterrestrial beings on 


Mars; he also predicted the existence of the 
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Although Percival Lowell believed in its existence, the planet 


Pluto was discovered after his death at the Lowell 
Observatory. (Library of Congress) 


planet Pluto. Lowell took a degree in mathe- 
matics from Harvard University in 1876. His 
family was wealthy, and he had the time and 
resources to pursue his interests in astron- 
omy without taking an advanced degree in 
the subject. In 1894, he founded the Lowell 
Observatory in Flagstaff, Arizona, on Mars 
Hill, at an elevation of some 7,000 feet. 
Lowell was fascinated by the “canals” of 
Mars described in 1878 by the Italian as- 
tronomer Giovanni Schiaparelli (1835— 
1910). He used the telescopes of the observa- 
tory to make intricate drawings of the planet 
and its apparent network of geometric lines. 
He was convinced that the canals channeled 
water from the polar regions of Mars to large 
areas of vegetation, or oases. He concluded 
that they were constructed by intelligent be- 
ings living (at some time) on Mars. He an- 
nounced these ideas openly in various publi- 
cations, including his book Mars and Its Canals 
(1906). Although belief in extraterrestrial life 
was far from widespread, the apparently 
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geometric lines on the red planet were diffi- 
cult to explain by natural means. But in 1909, 
Eugene Antoniadi (1870—1944) at Paris’s 
Meudon Observatory debunked the “canal” 
theory by showing that the canals were simply 
dark spots on the surface of Mars that only ap- 
peared to the human eye to be connected. 
Using more powerful telescopes allowed 
greater resolution of the image of Mars, lay- 
ing the idea of Martian-built canals to rest. 

Despite this setback, Lowell continued to 
observe the heavens and soon found a new 
obsession. Lowell believed that the planet 
Uranus behaved inexplicably as it orbited 
around the sun. He knew that planetary or- 
bits were influenced by the gravitational at- 
traction of the other planets, but he could not 
account for Uranus’s perturbations by the 
gravitational interference of Neptune alone. 
He came to believe that there was another 
planet, as-yet unseen by anyone on earth, 
that orbited the sun in the outskirts of the 
solar system. The planet became known as 
Planet X. Lowell conducted three photo- 
graphic searches for Planet X with the Low- 
ell Observatory telescope, one each in 1905, 
1909, and 1912. By repeatedly photograph- 
ing the night sky in the region where Lowell 
thought the planet should be, he hoped to 
discover evidence that one of the stars moved 
in a planet-like fashion. But he found noth- 
ing. He was still searching for the planet 
when he died in 1916. 

Astronomers at the Lowell Observatory 
resumed the search for the planet in 1928. 
The planet that Lowell had sought was finally 
found in 1930 by another amateur as- 
tronomer, Clyde Tombaugh (1906—1997), 
who later went to college and then pursued 
an advanced degree. Like the other planets, 
Planet X was soon named after an ancient 
Greco-Roman deity. Pluto (“Hades” in the 
Greek tradition) was the god of the under- 
world, which seemed fitting for this distant 
and desolate planet, far from the sun. The 
first two letters also were Percival Lowell’ s 
initials, a final tribute to the astronomer’s 
long search. 


See also Astronomical Observatories; 
Extraterrestrial Life; Science Fiction 
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Loyalty 
The vast amount of money funneled into sci- 
ence by the U.S. government during World 
War II created a host of new problems for 
scientists, among them the requirement of 
loyalty. In the frosty years of the Cold War, 
scientists enjoyed healthy patronage from a 
government that viewed science as a crucial 
part of U.S. national security. Thus, issues of 
classification, security, and loyalty of scien- 
tists became increasingly important. The 
loyalty controversy was born in the 1940s 
and intensified in subsequent years, sparking 
debates about the academic freedom and po- 
litical independence of scientists as they as- 
sumed new roles in the United States. 
Although the most notorious loyalty cases 
occurred in the 1950s, particularly when J. 
Robert Oppenheimer (1904—1967) lost his 
security clearance in 1954, scientists came 
under suspicion much earlier. In many fields, 
secret war work was a portent of the postwar 
years, in which one could not hope to con- 
struct much of a career without having access 
to classified information. For example, the 
director of the Scripps Institution of 
Oceanography, the Norwegian Harald Sver- 
drup (1888—1957), was suspected of having 
Nazi sympathies and could not gain the 
proper clearance; because he was director, 
this proved highly embarrassing, and it could 
explain his ready departure for his homeland 
before the decade ended. The best scientists 
had access to secret information, and in- 
volvement in secret work opened up many 


career opportunities. For example, having 
participated in the Manhattan Project became 
a passport to good pay and good jobs for 
physicists in the postwar era. But because of 
the need for access, being a good scientist 
after the war meant being a loyal American. 
President Harry Truman (1884—1972) insti- 
tutionalized this in 1947 by issuing an execu- 
tive order requiring loyalty statements by all 
federal employees. 

In other Western countries, being Com- 
munist did not always result in being black- 
listed in the scientific community. In France, 
for example, Frédéric Joliot (1900— 1958) 
was a Communist and fought in the resistance 
movement during German occupation. After 
the war ended, he became chief of France’s 
atomic energy program—the fact that he and 
his wife, Irène Joliot-Curie (1897—1956), 
were both Communists was well known. In 
Britain, some of the most celebrated scien- 
tists were Communists, such as J. D. Bernal 
(1901—1971), Joseph Needham (1900— 
1995), and J. B. S. Haldane (1892—1964). 
Bernal in particular argued that capitalism 
misused science tremendously, holding back 
social progress. These men’s reputations and 
careers in Britain were never tarnished, even 
in the early years of the Cold War, to the de- 
gree that those of Communists in the United 
States were. 

The professional constraint—that of 
maintaining a pristine record of loyalty— 
made scientists vulnerable when their politi- 
cal views clashed with powerful figures; if 
they could be demonstrated as “disloyal,” 
their careers could be destroyed. The first 
high-profile scientist to experience this was 
Edward Condon (1902—1974), head of the 
National Bureau of Standards. Because of his 
outspoken support for international coopera- 
tion and his opposition to developing the hy- 
drogen bomb, Condon created enemies in 
Congress who were bent on bringing him 
down. Beginning in 1948, Condon defended 
his name repeatedly to members of the 
House Un-American Activities Committee 
(HUAC). 
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The late 1940s were years of paranoia and 
anxiety, fueled by revelations of spying by 
high-level bureaucrats such as Alger Hiss and 
scientists such as Klaus Fuchs (1911—1988). 
The latter had sold the Soviet Union secrets 
from the Manhattan Project. In 1949, the 
Atomic Energy Commission required all of 
its fellowship holders to take a loyalty oath, 
regardless of whether classified research was 
involved. It had been embarrassed when a 
reporter announced that one of its fellows 
was an outspoken Communist, and it au- 
thorized the Federal Bureau of Investigation 
to establish the loyalty of its scientists. Soon 
the fellowship program was discontinued al- 
together. 

When the University of Washington fired 
a known Communist from its faculty, he 
traveled to the University of California—Los 
Angeles, to participate in a debate. Californi- 
ans were enraged that he should be invited. 
This was one of many reasons that moved the 
regents of the University of California in 
1949 to require its faculty to swear an oath 
not just declaring loyalty, but also disavow- 
ing ties to organizations that might plan to 
overthrow the government. In its 1950 ver- 
sion, the oath stated: “I am not a member of 
the Communist Party or any other organiza- 
tion which advocates the overthrow of the 
Government by force or violence.” The re- 
gents made employment at the university 
contingent on taking the oath. Some of those 
who had received favorable academic reviews 
challenged the oath by refusing to sign it. 
Threatened with dismissal, six decided to 
sign it and three resigned. More than thirty 
professors and many other university em- 
ployees who refused to sign were subse- 
quently fired. Other campuses, such as the 
University of Washington, had similar expe- 
riences in the late 1940s. The California case 
went to the state supreme court, which in 
1952 ordered the professors reinstated. 

Some U.S. intellectuals were aghast at the 
loyalty mania. The American Association for 
the Advancement of Science showed its 
solidarity with Condon by electing him its 
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president. At stake, objectors felt, was polit- 
ical freedom for academia. If education rights 
or privileges were compromised because of 
political tests, was that not a violation of U.S. 
principles? Requiring “loyalty” oaths might be 
the first step in more stringent political con- 
trol of academic institutions, thus endanger- 
ing the freedom of thought. 

The issues surrounding loyalty and the 
oaths were not resolved in the 1950s. HUAC 
linked arms with Senator Joseph McCarthy 
(1908—1957) and others in the 1950s to ex- 
pose Communist infiltration at all levels of 
society. Most of this was focused on the fed- 
eral government. Because science in the 
United States increasingly depended on gov- 
ernment support, the question of loyalty 
continued to go hand in hand with scientific 
research. The 1953 executions of Ethel and 
Julius Rosenberg, who allegedly had run an 
atomic spy ring, along with the discovery of 
spies who had worked on the Manhattan 
Project during the war, only intensified the 
dread of those wanting science to be free of 
any Communist influences. 


See also Cold War; Espionage; National Bureau 
of Standards; Sverdrup, Harald 
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Lysenko, Trofim 
(b. Karlivka, Russia, 1898; d. Moscow, 
USSR, 1976) 

Trofim Lysenko was responsible for the 
predominance of Lamarckian concepts of 
heredity among Soviet scientists and for the 
repression of Mendelian genetics. By tying 
science to political ideas, he made allies 
among the Communist Party leadership and 
dominated Soviet biology for decades. Born 
into a peasant family, Lysenko studied agron- 
omy at the Kiev Agricultural Institute in the 
1920s. He came to believe that by manipu- 
lating growing conditions, scientists could 
produce more effective seeds and better pro- 
ductivity in agriculture. 

When Soviet leader Joseph Stalin (1879— 
1953) forced the collectivization of agricul- 
ture, beginning in the late 1920s, scientists 
hoped to find new ways of managing agricul- 
ture to increase productivity. Lysenko’s con- 
tribution to this effort was the concept of 
vernalization. Lysenko appeared to have 
shown that freezing seeds made them germi- 
nate more rapidly. This technique was not 
unknown, but Lysenko also claimed that the 
new trait, stimulated by his own interven- 
tion, could be inherited. This seemed to sup- 
port the Lamarckian style of evolution that 
insisted that acquired characteristics can be 
inherited. It also meant that seeds would only 
need to be “treated” once, and then all future 
wheat would grow more rapidly and be more 
abundant. Lysenko capitalized on these re- 
sults by convincing political leaders that his 
technique held great promise for Soviet agri- 
culture and that research in plant breeding 
should be funded for the good of the Soviet 
Union. He convinced Stalin himself of this, 
and Lysenko soon found himself in a position 
of power among the scientific elite: He be- 
came a member of the Academy of Sciences 
(1935) and even a member of the Supreme 
Soviet (1937). He later claimed to pro- 
duce rye from wheat plants, cuckoo birds 
from warblers, and other alleged breeding 
successes. 


Lysenko and others created the Agriculture 
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Soviet geneticist, agronomist, and president of the Lenin Academy of Agricultural Sciences, Trofim Lysenko measures the 
growth of wheat in a collective farm field near Odessa in the Ukraine. (Hulton- Deutsch Collection / Corbis) 


Academy, which became the center of research 
on plant breeding and genetics research. This 
body enjoyed the patronage and enthusiasm of 
the Communist Party, which looked to 
scientists to lead the way to an efficient, 
centrally planned economy. But by the mid- 
1930s, lack of progress created disillusion- 
ment, particularly against the geneticists who 
had been supported generously. Lysenko 
increasingly came to believe that Mendelian 
genetics stood in conflict with his Lamarckian 
views of heredity. Further, the simplistic 
mechanisms of heredity posed by genetics 
struck him as idealistic, even against Marxist 
ideology. He began to characterize both 
genetics and Darwinian natural selection as 
bourgeois sciences, representative of the 
competitive outlook of industrial capitalism. 


Lamarckism, by contrast, suited Marxism’s 
emphasis on directed, planned progress. 
Geneticists found themselves being attacked 
not merely for their scientific views, but for 
advocating ideas that contradicted Marxism as 
interpreted by Stalin. The most renowned 
casualty of these attacks was the leading 
geneticist Nikolai Vavilov (1887-1943); he 
was arrested in 1940, and he died in prison 
in 1943. 
Lysenko’s attack on the 
culminated in a special meeting of the Soviet 
Agriculture Academy in 1948, after which the 
views of geneticists were officially condemned, 


geneticists 


their science branded as bourgeois and anti- 
proletariat. Research in genetics effectively 
ended; references to genetics were removed 
from school curricula; and eminent geneticists 
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were dismissed from their posts on a wide 
Lysenko’s alternative, dubbed 
Michurinism after the earlier Russian 
Lamarckian biologist I. V. Michurin (1855— 
1935), became the orthodox view of heredity 
in the Soviet Union. His influence continued 
after the death of Stalin in 1953, only abating in 
the mid-1960s. His eventual fall from power 
was a result of the fact that he rarely fulfilled 


any of his promises and his experiments were 


scale. 


criticized for their lack of rigor. His apparent 
successes in increasing crop yields were 
perceived as the result of his access to better 
equipment, higher quality seeds, and more 
efficiently organized peasants working on 
farms. He was removed from his positions of 


authority in 1965, after Leonid Brezhnev 
assumed leadership of the Soviet Union. 


See also Academy of Sciences of the USSR; 
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Kammerer, Paul; Philosophy of Science; 
Soviet Science; Vavilov, Sergei 
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Manhattan Project 

The Manhattan Project was the name of the 
U.S. effort to build an atomic bomb during 
World War II. It was based on the code 
name, Manhattan Engineer District, given to 
the project in 1942 when it was taken over by 
the Army Corps of Engineers. From that 
point, the project had three major obstacles. 
First was the effort to achieve a fission chain 
reaction, which was accomplished in late 
1942. Also there was the technical problem 
of isolating bomb materials, such as fission- 
able uranium and plutonium. Most compli- 
cated of all was the engineering project to de- 
sign a weapon that could be dropped onto 
target cities. The Manhattan Project’s work 
came to fruition in August 1945, when two 
atomic bombs destroyed the Japanese cities 
of Hiroshima and Nagasaki. 

Although the effort to build the bomb was 
under way by the early 1940s, it was unclear 
whether it was a project to which the United 
States should devote vast resources. The ulti- 
mate test of feasibility was the fission chain 
reaction. The idea of an atomic bomb was 
based on the possibility of nuclei of heavy 
atoms splitting, or “fissioning.” Fission would 
result in two lighter atoms, but in the process 
a small amount of energy would be released. 
Because this process also ejected neutrons, 


these free neutrons might collide with nearby 
atomic nuclei and create other fissions. If that 
process continued, a chain reaction would 
occur, leading to continuous fission in many 
atoms and a large amount of energy. That en- 
ergy would in fact be so large that it could de- 
stroy, as Albert Einstein (1879-1955) said in 
a 1939 letter to U.S. president Franklin D. 
Roosevelt (1882—1945), an entire port and 
most of the surrounding territory. It was in 
achieving a chain reaction in a laboratory that 
the U.S. project succeeded where all other 
countries failed. In late 1942, in a squash 
court underneath the football field at the 
University of Chicago, a team of scientists led 
by Italian immigrant Enrico Fermi (1901— 
1954) created the first controlled fission 
chain reaction. After this was achieved, com- 
panies such as DuPont decided that they 
would put their industrial might behind the 
project, and the U.S. government decided to 
make the project a major wartime priority. 
The United States dedicated a vast amount 
of resources to the Manhattan Project. Its 
main organizer was General Leslie Groves 
(1896-1970), who had been in charge of 
building the largest office building in the 
world, the Pentagon. He purchased land for 
the project and built the first uranium (chem- 
ical symbol “U”) isotope separation plants in 
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Oak Ridge, Tennessee. In order to produce 
bomb material of sufficient quality, the rare 
isotope U-235 had to be separated from the 
more abundant U-238. Two methods were 
used at Oak Ridge: electromagnetic separa- 
tion and gaseous diffusion. The latter re- 
quired an unprecedented level of technical 
sophistication and precision, meaning that 
most of the equipment had to be specially 
made; the result was the largest chemical en- 
gineering plant ever constructed. Although 
gaseous diffusion was the most promising 
long-term method, the early bombs used 
uranium produced from electromagnetic 
separation. 

For plutonium production, Groves chose 
another site, this time in Hanford, Washing- 
ton. Plutonium was an artificial element, 
made from uranium, produced by collisions 
of accelerated particles. Like U-235, it 
promised to be very effective in a bomb. The 
plants built at Hanford were cooled by the 
Columbia River, which required that the de- 
signers pay close attention to avoiding too 
much diffusion of radioactive materials, be- 
cause of risks to the local population. 

The final phase of the project was building 
the bomb itself. A chain reaction had oc- 
curred in Chicago, and materials were being 
prepared at Oak Ridge and Hanford. In 1943 
Groves assembled a team of leading physi- 
cists, many of them recent immigrants from 
Europe, in a small town in New Mexico 
called Los Alamos. This desert locale was far 
enough from metropolitan areas to provide 
greater security, although there were some 
participants who were in fact spying for the 
Soviet Union, such as Klaus Fuchs (1911— 
1988). The scientists were led by J. Robert 
Oppenheimer (1904—1967), and they in- 
cluded such luminaries as Niels Bohr 
(1885—1962) and Enrico Fermi. Los Alamos 
also became a breeding ground for the lead- 
ing physicists of the postwar era, and it was a 
test case for large-scale collaboration be- 
tween scientists and the military. Many of the 
scientists detested Groves and other leaders, 


mainly for the policy of compartmentaliza- 
tion. This was a security measure that en- 
sured that scientists worked only on certain 
aspects of the project, not having knowledge 
of the whole. Scientists objected to this be- 
cause it hampered the discussion of ideas and, 
they argued, the efficiency of the project. Yet 
for security reasons, Groves still insisted on 
compartmentalization, keeping scientists and 
technicians on a need-to-know basis, al- 
though often scientists did not respect the 
rule. 

The Los Alamos team produced two dif- 
ferent kinds of weapons by 1945. One was a 
“gun-type” weapon, which used uranium 
from Oak Ridge. The principle of this 
weapon was that the bomb itself would fire a 
piece of uranium into another, with enough 
force to initiate a chain reaction (and thus an 
explosion). The other design used plutonium 
from Hanford, and was an “implosion” 
weapon, in which conventional explosives 
were placed over the shell of a spherical 
bomb; when they detonated, the bomb 
would be crushed with such intensity that the 
necessary fission chain reaction would occur. 
The first atomic device, an implosion weapon 
made from plutonium, was tested in Ala- 
mogordo, New Mexico, on 16 July 1945. 
The test was code-named Trinity, and the ex- 
plosion was equivalent to 20,000 tons of dy- 
namite (20 kilotons). 

Although the war was already winding 
down (Germany already had been defeated, 
and an invasion of Japan was being planned), 
the United States decided to use the atomic 
bomb against Japan. Some of the scientists 
began to have second thoughts, and their 
movement for social responsibility was 
born. Leading figures in the Manhattan 
Project such as James Franck (1882—1964), 
Leo Szilard (1898—1964), and Niels Bohr (all 
foreign-born) expressed reservations: They 
argued that the bomb should not be used, or 
that the Japanese should be warned first, or 
that other alternatives should be pursued be- 
fore unleashing a weapon of such power on 
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Robert Oppenheimer (left of center), General Leslie Groves (center), and others examine the wreckage of the tower that held 


the first atomic device. (Corbis) 


civilians. Bohr was already thinking about 
the postwar world, urging the president to 
share information about the bomb with the 
Soviet Union to avoid an arms race when the 
war ended. These objections ultimately 
were cast aside; on 6 August 1945, a ura- 
nium bomb called “Little Boy” was dropped 
from a B-29 bomber, Enola Gay, on the city 
of Hiroshima. On August 9, Bock’s Car 
dropped a plutonium bomb called “Fat Man” 
on the city of Nagasaki. After years of com- 
bining the best scientific and engineering 
minds with U.S. industry and the Army 
Corps of Engineers, the Manhattan Project 
destroyed two cities and instantly killed 
more than 100,000 people. 


See also Artificial Elements; Atomic Bomb; 
Atomic Energy Commission; Cyclotron; 
Espionage; Fission; Hiroshima and 
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Marconi, Guglielmo 

(b. Bologna, Italy, 1874; d. Rome, Italy, 
1937) 

Guglielmo Marconi, a celebrated inven- 
tor, helped to revolutionize communications 
technology by developing wireless telegraphy 
and, some years later, shortwave radio. He 
studied at Livorno Technical Institute before 
trying to apply recently developed scientific 
ideas to his technical designs. Building on the 
nineteenth-century work of James Clerk 
Maxwell (1831-1879) and Heinrich Hertz 
(1857-1894), who studied the properties 
and transmission of electromagnetic waves, 
Marconi developed instruments to use these 
waves as a means to communicate. 

By 1895, Marconi developed a system that 
would transmit and record waves without the 
use of a connecting metal wire. After finding 
little enthusiasm in the Italian government 
for his invention, which he presumed to be 
useful for communications, he took his appa- 
ratus to England, where it was received more 
enthusiastically by the British government. 
Marconi received the first patent for a wire- 
less telegraphy system in 1896. The next 
year, he started a company that was renamed 
Marconi’s Wireless Telegraph Company in 
1900. By that year, he had demonstrated the 
effectiveness of wireless telegraphy to vari- 
ous governments and installed a communica- 
tion system that crossed the English Channel 
to connect England and France. He also be- 
came a celebrity in the United States, where 
in 1899 he used wireless telegraphy to report 
on the America’s Cup yacht race. 

Marconi’s most celebrated patent was 
“Number 7777,” taken in 1900. The patent 
was granted for an instrument that allowed si- 
multaneous transmissions on different fre- 
quencies; this allowed for greater flexibility in 
usage and decreased interference when more 
than one station was using the system. It also 
allowed for increases in range. The following 
year, he set out to prove that wireless telegra- 
phy was not impeded by the curvature of the 
earth, and he did so by making the first 


transatlantic signal. Covering more than 2,000 


miles, he succeeded in 1901 in communicating 
via wireless telegraphy from Cornwall, En- 
gland, to Newfoundland, Canada. 

Marconi continued to innovate in the 
growing science (and industry) of wireless te- 
legraphy, taking out numerous patents in the 
early 1900s. By 1907, his efforts culminated 
in a permanent communication service be- 
tween Nova Scotia and Ireland. Other 
shorter systems were installed between Eu- 
ropean countries, and wireless instruments 
were installed aboard ships as a means of 
sending distress signals. In the 1920s, several 
countries, including Great Britain and the 
United States, instigated broadcasts to the 
general public to disseminate news, enter- 
tainment, and other information. Using what 
he called the beam system, Marconi used 
wireless communication for strategic rea- 
sons, in cooperation with the British govern- 
ment, to link together the major possessions 
of the British Empire. 

Wireless telegraphy produced a revolu- 
tionary change in the mode of communica- 
tion between countries, not only facilitating 
economic pursuits but also aiding nations in 
their competitions and conflicts with one an- 
other. The transmission of knowledge 
through news broadcasts and intelligence re- 
ports became powerful tools; obtaining and 
maintaining networks that exploited wireless 
technology were of fundamental importance 
for European powers with far-flung imperial 
possessions and for any nation with strategic 
interests around the globe. Wireless commu- 
nication surpassed not only costly submarine 
cables but also the unreliable transcontinental 
telegraph lines that had to be laid and then 
protected with military force. Marconi’s in- 
vention coincided with some of the fiercest 
colonial competition just after the turn of the 
century. Ship-to-ship radio communications 
were used as early as the Russo-Japanese War 
(1905), and during World War I, communi- 
cations cables routinely were cut. 

Marconi pursued technological innovations 
that would allow communication with shorter 
and shorter waves. Shortwave radio proved to 
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Guglielmo Marconi (right), a pioneer in wireless telegraphy, with telegraph equipment. (Library of Congress) 


be yet another revolution. In the 1930s, he 
experimented with radiotelephone communi- 
cations; the first of these was installed in 1932 
to allow the Vatican to communicate with the 
pope while he was living in his summer resi- 
dence. He also began experimenting with 
communication techniques in ship-to-shore 
and ship-to-ship communication to improve 
navigation technology. Submarine cables con- 
necting continents lost half of their business 
because of the effectiveness of shortwave over 
long distances. In these years, Marconi also 
pointed out the theoretical possibilities of 
another major technological revolution, 
namely, radar (developed after his death). 

In 1909, Marconi received the Nobel Prize 
in Physics. During World War I, Marconi’s 
skills proved useful to both the army and navy 
of Italy; he held rank in both during the war. 


He became part of Italy’s delegation to the 
peace conference that led to the Treaty of Ver- 
sailles in 1919. He was showered with numer- 
ous honors and titles during his lifetime by the 
governments of several countries. When he 
died, wireless stations throughout the world 
observed a two-minute silence in his honor. 


See also Colonialism; Radar; World War I 
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Marine Biology 

Marine biology is concerned with the animal 
and plant life of the sea. Studies of local flora 
and fauna often were the typical goals of ma- 
rine biologists. But new methods developed 
in the late nineteenth century made marine 
biology a more interdisciplinary pursuit, 
combining traditional “provincial” studies of 
particular species and habitats with large- 
scale analyses of populations and migrations, 
closely integrated with ocean dynamics and 
chemistry. Before the twentieth century, 
marine biology often was localized in scope, 
with scientists in different parts of the world 
describing the sea life in regions closest to 
them; only comparative studies resulted in 
greater understanding of biogeography. In 
addition, marine biologists often did little 
more than take inventory of the life in the 
sea. For example, the branch concerned ex- 
clusively with fish, ichthyology, was ori- 
ented toward understanding the lives of par- 
ticular fish species or identifying new ones. 
Part of its task was developing systematic 
catalogues of known marine species, de- 
scribing and classifying them. This sort of 
work struck some scientists as unimagina- 
tive—simply a matter of census-taking, not 
scientific study. 

In the twentieth century, however, marine 
biology acquired a broader emphasis, as scien- 
tists sought to integrate the study of marine 
life with more inclusive studies of the marine 
environment. In Woods Hole, Massachusetts, 
the Marine Biological Laboratory (MBL) was 
founded in 1888, inspired largely by the cre- 
ation of marine stations in Europe. Under the 
leadership of Frank Lillie (1870—1947) in the 
1920s and later, MBL became one of the 
principal centers of marine biology in the 
world. During the summer months, scientists 
from all over the country converged there to 
conduct research, and it became the center 
for the rapid growth of biological studies in 
the United States. It boasted the most ad- 
vanced facilities and also a large library, cater- 
ing to the needs of researchers. 

Voyages occasionally enjoyed financial 


support because of their potential role in un- 
derstanding fish stocks, which could lead to 
profit and economic prosperity. In the 
United States, Henry Bryant Bigelow 
(1879—1967) combined physical and biologi- 
cal oceanography in his studies of the Gulf of 
Maine, not only taking salinity and tempera- 
ture measurements, but also hauling in nets 
of plankton. Between 1912 and 1928, he 
made thousands of hauls with towed nets. 
The voyages of the Discovery by the British 
during the 1920s also resulted in major con- 
tributions to marine biology. One of its prin- 
cipal goals was to trace the productivity of 
whales in the major whaling “grounds” in the 
vicinity of Antarctica. Understanding the 
whales’ food chain necessitated a more com- 
plete analysis of the marine life constituting 
plankton, upon which the whales fed, and 
their seasonal migrations. 

The study of plankton formed the basis of 
much marine biological research. By the 
early twentieth century, scientists in Ger- 
many such as Victor Hensen (1835—1924) 
and Karl Brandt (1854—1931) began the “Kiel 
school,” which tied marine biology firmly to 
physical oceanography by emphasizing the 
need to study not only organisms, but dy- 
namics of large populations of organisms such 
as plankton. Hensen in particular was confi- 
dent that plankton organisms were distrib- 
uted uniformly, and thus it was possible to 
understand entire populations by taking sam- 
ples and studying them. The Norwegian 
Haakon H. Gran also played a major role in 
making such connections. In general, their 
outlook focused on dynamics and chemistry. 
In the 1920s, British scientists at the Plym- 
outh Laboratory and U.S. scientists at the 
Woods Hole Oceanographic Institution fol- 
lowed a similar trajectory, and one of the 
main problems in marine biology was the 
phenomenon of the “spring bloom” of plank- 
ton in the northern Atlantic and surrounding 
seas. By the era of World War II and after, 
marine biology had incorporated this large- 
scale, population approach, connected firmly 
to physical and chemical oceanography. 


See also Just, Ernest Everett; Oceanic 
Expeditions; Oceanography 
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Mathematics 

Mathematics has two conflicting reputations. 
On the one hand, it has been called the queen 
of the sciences; on the other, it has been 
called science’s handmaiden. Whether math- 
ematics exists simply as a tool of science, or 
whether it is in fact the purest of all sciences, 
is a matter of debate. In the twentieth cen- 
tury, the abstractions of mathematics called 
into question its value to science: Should it be 
pursued for its own sake, and is it simply a 
game of syllogisms (deductions from basic 
premises), or does it have bearing on the real 
world? Bertrand Russell (1872—1970) once 
described mathematics as “the subject in 
which we do not know what we are talking 
about or whether what we say is true” (Rees 
1962, 9). But other mathematicians were 
sure about the place of mathematics in the 
twentieth century. In 1900, German mathe- 
matician David Hilbert (1862—1943) ad- 
dressed the International Congress of Mathe- 
maticians in Paris, advising them that any 
field with such an abundance of problems as 
mathematics is a science full of life. 

One of the greatest problems confronting 
mathematics at the turn of the twentieth cen- 
tury was that of internal consistency. Contra- 
dictions within mathematical systems were 
pointed out in the late nineteenth century 
from the work of the German Georg Cantor 
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(1845—1918), in his theory of sets. A set is 
series of numbers. If one describes a set com- 
prising all positive whole numbers, one has 
an infinite set (1, 2, 3, . . .). Intuitively, a set 
comprising all positive even numbers (2, 4, 
6, .. .) should contain fewer members than 
that comprising all positive whole numbers, 
since it will not include the odd numbers in- 
cluded in the first set. Cantor argued, against 
intuition, that each of these sets contained 
the same number of members. He pointed to 
the fact that the “1” in the first set can be part- 
nered with the “2” of the second set, the “2” 
of the first set can be partnered with the “4” 
of the second set, and so on, leaving no pos- 
sibility of a number in either set without a 
partner. Cantor believed that mathematics 
had misused the concept of infinity, and his 
work called into question the properties of 
infinite sets. 

Although Cantor’s work was highly con- 
troversial, some mathematicians believed 
that he was addressing a problem that had 
confronted the subject since antiquity, 
namely, the paradoxes brought about by con- 
cepts of infinity. Centuries before the Chris- 
tian era, Zeno had proposed a series of para- 
doxes that seemed to indicate that changes 
such as local motion were mathematically 
impossible because of the concept of infi- 
nitely divisible space. In order to travel from 
point A to point B, one must first travel half 
the distance, a process that must be repeated 
interminably, each time halving the distance 
but never quite reaching point B. Zeno had 
used the paradoxes to argue against the math- 
ematical possibility of change. But Cantor 
saw no contradiction at all and used his set 
theory to demonstrate what was called the 
actual infinite. 

Cantor’s work, which was attacked and 
criticized from all sides, sparked a major re- 
examination of the nature of mathematical 
reasoning. Bertrand Russell based his logical 
work of the early twentieth century on the 
notion that Cantor had lifted the veil of con- 
fusion and mysticism from the concept of in- 
finity and subjected it to logic. But Russell 
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and others soon recognized (as did Cantor) 
that set theory was fraught with its own ap- 
parent contradictions. In their Principia Math- 
ematica (1910-1913), Russell and Alfred 
North Whitehead (1861—1947) confronted 
Cantor’s paradoxical set theory and con- 
cluded that pure mathematics was no more 
than an extension of deductive logic, and 
they insisted that knowledge must rely more 
on logical analysis. In his 1945 History of West- 
ern Philosophy, which begins with the ancient 
Greeks, Russell presented the philosophy of 
logical analysis in the final chapter as a means 
to demystify mathematics and remove it 
from the pedestal upon which it had been 
placed since the time of the ancient Greeks. 
Although Russell could be called a mathe- 
matician, he may have preferred to be called 
a logician. He pointed out a paradox from set 
theory, asking: Is a set, composed of all sets 
that are not members of themselves, a mem- 
ber of itself? The logical inconsistency of the 
question, known as Russell’s paradox, added 
further weight to the notion that mathemat- 
ics’ biggest problem was its own number of 
internal contradictions. 

Despite Russell’s influence, some mathe- 
maticians found logical analysis less than 
satisfying because it too created numerous 
contradictions. Frustrations about inconsis- 
tencies in mathematical and logical systems 
led some scholars to attempt to prove that 
consistencies were possible. The accom- 
plished mathematician David Hilbert was one 
of these. He attempted to show, through 
mathematical proofs, that no two theorems 
could contradict each other if derived from 
the postulates of arithmetic. He made this 
one of the great projects of his career, and he 
revisited the fundamentals of geometry set 
forth by the ancient Greek Euclid, who first 
had discussed the now commonplace con- 
cepts of axioms, postulates, theorems, and 
proofs. Hilbert attempted to establish a more 
rigorous description of these in his 1899 
Foundations of Geometry and devoted subse- 
quent decades to rigorous analysis of his pos- 
tulates. Unlike the Greeks, Hilbert insisted 


that the postulates themselves be proved to 
be free of any possible contradictions. 
Hilbert believed that contradictions between 
mathematical statements should be impossi- 
ble; if they occurred, one must fault the pos- 
tulates themselves. 

One of Hilbert’s challenges was addressed 
in 1930 by the Austrian Kurt Gédel 
(1906-1978). To the dismay of his col- 
leagues, he demonstrated that Hilbert’s hope 
of proving the internal consistency of a math- 
ematical system (a system that is governed by 
predefined axioms) was impossible. There al- 
ways would be some proposition that could 
not be proved or disproved on the basis of 
postulates, regardless of the number of logi- 
cal deductions made. Godel’s statement be- 
came known as the incompleteness theorem, 
or simply Gédel’s theorem. His was a bold 
assertion that one cannot expect to create a 
foolproof mathematical system free of para- 
doxes. 


See also Computers; Cybernetics; Game Theory; 
Godel, Kurt; Russell, Bertrand 
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McClintock, Barbara 
(b. Hartford, Connecticut, 1902; d. 
Huntington, New York, 1992) 

Barbara McClintock lived a scientific life 
out of the mainstream. Her contributions to 
genetics seemed so radical that, although her 
expertise commanded respect, her col- 
leagues did not appreciate the far-reaching 
implications of her work for decades. She dis- 
covered in maize plants—or one might say 
that the maize plants revealed to her—the 
existence of mobile genetic elements. 


McClintock took an early interest in the 
study of cells and their genetic makeup. As a 
graduate student at Cornell University, she 
identified the ten chromosomes of maize. Be- 
tween 1929 and 1935, she and colleagues 
George W. Beadle (1903—1989), Marcus M. 
Rhoades (1903—1991), and others at Cornell 
conducted experiments that explored the re- 
lationship between chromosomes and genet- 
ics, usually using maize. This period estab- 
lished her as a leading geneticist, and later 
(1944) she was elected to the National Acad- 
emy of Sciences, the third woman to have 
been elected. But she had trouble finding a 
job in the 1930s. Cornell was kind to gradu- 
ate students, she found, but had no female 
professors. McClintock subsisted on fellow- 
ships until taking a position as an assistant 
professor at the University of Missouri in 
1936. To her disappointment, colleagues 
there excluded her from routine departmen- 
tal activities and let her know that she was 
unlikely to receive a promotion. She left in 
1941 and moved to New York, where she 
held an appointment at Cold Spring Harbor 
Laboratory until her death in 1992. 

In the 1940s, McClintock became fasci- 
nated with chromosome breakage, a topic 
that led to her most significant contribution. 
She made an intensive study of the loci of 
chromosome breakage in maize and found 
that some kinds of genetic material could 
move from one site in a cell to another site. 
She called these transposable elements, a 
kind of genetic element capable of moving to 
a different part of the chromosome. They 
were also called jumping genes, emphasizing 
the mobility that made them so incredible to 
other members of the scientific community. 

The maize plant had revealed to McClin- 
tock a genetic phenomenon that stood against 
the prevailing assumptions of the time. Eve- 
lyn Fox Keller’s biography of McClintock 
suggests that McClintock, through many 
years of observation, became so well ac- 
quainted with maize that she developed a pe- 
culiar relationship with it, allowing her to 


sympathize, listen, and have a “feeling” for 
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the organism. Scholars of gender and science 
have made much of this, claiming that Mc- 
Clintock was never fully socialized into the 
masculine world of science, and her success 
points the way toward a science less domi- 
nated by masculine notions of nature and sci- 
entific investigation. 

McClintock began this work in 1944 and 
first published her results in 1950 and 1951. 
But her jumping genes were not readily ac- 
cepted by everyone. Some objected to her 
approach, calling it mystical or mad. McClin- 
tock recalled that reactions of her paper de- 
livered at the Cold Spring Harbor Sympo- 
sium of 1951 ranged from perplexed to 
hostile. Geneticists claimed later that they 
did not doubt McClintock’s findings, but 
they saw transposable elements as a charac- 
teristic of maize, not necessarily as a funda- 
mental principle to be generalized. Indeed, 
widespread recognition of the importance of 
her work on gene transpositions was not 
achieved until the 1970s. Her Nobel Prize in 
Physiology or Medicine was awarded in 
1983. Like Gregor Mendel (1822—1884), the 
unsung (in his lifetime) founder of genetics, 
appreciation for McClintock’s work was long 


delayed. 


See also Chromosomes; Genetics; Women 
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Mead, Margaret 
(b. Philadelphia, Pennsylvania, 1901; d. 
New York, New York, 1978) 

Margaret Mead was one of the most well- 
known anthropologists of the first half of the 
twentieth century. Her work helped to trans- 
form thinking about gender roles, sexuality, 
and the importance of culture in defining so- 
cial behavior. She did more than any other 
anthropologist to extend Franz Boas’s 
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One of the most well-known anthropologists of the first half of the twentieth century, Margaret Mead's work helped to 





transform thinking about gender roles, sexuality, and the importance of culture in defining social behavior. (Library of 


Congress) 


(1858-1942) cultural deterministic views. 
She also worked to popularize her findings, 
making herself a widely recognized scientific 
celebrity. She attended graduate school at 
Columbia University, where she studied 
under Boas, who himself had been a founder 
of anthropological studies in the United 
States. Mead traveled extensively during her 
career, including expeditions to Samoa and 
New Guinea, where she conducted her most 
significant fieldwork. She held a position in 
the Department of Anthropology at the 
American Museum of Natural History from 
1926 until the end of her life. 

Mead’s mentor, Boas, was an ardent sup- 
porter of seeing differences in human popula- 
tions in terms of environmental and social in- 
fluences, rather than taking a purely 


biological (or, more precisely, genetic) ap- 
proach. Mead’s work also reflected this will- 
ingness to explore culture as a major anthro- 
pological force. Her doctoral research under 
Boas required her to travel to the Manua is- 
lands, in American Samoa, for nine months in 
1925-1926, where her observations pro- 
vided her with evidence that certain phases of 
human development were culturally, not bi- 
ologically, determined. In particular, Mead 
noted that the tumultuous years of adoles- 
cence, often thought to be universal, were a 
cultural by-product resulting from trying to 
suppress or hide sexuality. She generalized 
that Samoan culture was casual and easygo- 
ing, lacking many of the aggressive tenden- 
cies found in Western cultures. In general, 
she criticized notions that characterized emo- 


tions and other behaviors as universal across 
cultures. Her work became a powerful argu- 
ment for an emerging group of anthropolo- 
gists who embraced the concept of cultural 
determinism. 

Mead dedicated most of her professional 
life to the study of the peoples in the Pacific 
Ocean region. In 1928, Mead published her 
doctoral research as a popular book, entitled 
Coming of Age in Samoa (she also penned Social 
Organization of Manu’a, presenting the same 
evidence for her anthropological peers). It 
soon became a best seller and established for 
her a worldwide reputation as a scholar and 
writer. She used this reputation well and 
helped to popularize her science through 
guest appearances on radio programs and 
through articles in magazines such as Redbook. 
Her work had a great appeal, particularly to 
those who hoped to improve society by 
reevaluating which aspects of society were 
biologically natural and which were cultur- 
ally determined. 

Mead continued to travel and conduct 
fieldwork among island peoples in the late 
1920s and 1930s. She published Growing Up 
in New Guinea in 1930, and followed it with 
numerous books, some of which emphasized 
the transmission of culture to children and 
the roles of women in different cultures. For 
example, she found that, in the Tchambuli 
culture of New Guinea, the men (not 
women) were in charge of the household. 
Mead’s books raised provocative questions 
about the organization of society, particularly 
in gender roles. Throughout her career, she 
authored more than forty books. 

Other anthropologists occasionally dis- 
agreed with Mead’s observations, particularly 
in regard to the Samoans. Some have at- 
tempted to debunk Mead’s entire body of 
work on the grounds that she was prejudiced. 
Anthropologist Derek Freeman dedicated 
part of his career to demonstrating that 
Samoans were more violent and troubled than 
Mead acknowledged. He observed that Mead 
simply found in Samoa the results that her 
mentor wanted to find; according to Free- 
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man, Boas’s deep-seated notions of cultural 
determinism spoiled Mead’s objectivity. 

Mead became active in national and inter- 
national bodies in later years. During the war 
years, she served on the Committee of Food 
Habits in the National Research Council. She 
later advised on mental health questions for 
the United States Public Health Service and 
international organizations. She received 
many honors for her work, including nearly 
thirty honorary degrees. In the 1970s, she 
served as president of the American Associa- 
tion for the Advancement of Science. Mead 
died of cancer in 1978. 


See also Anthropology; Boas, Franz 
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Medicine 

The practice of medicine was transformed by 
changing conceptions of disease—notably the 
germ theory of disease, developed in the 
nineteenth century. The work of Louis Pas- 
teur (1822—1895) and Robert Koch 
(1843-1910) had indicated that tiny mi- 
crobes were responsible for many diseases 
and that controlling the reproduction and 
transmission of such microbes could be the 
key to modern medicine. Medical practition- 
ers typically emphasized prevention of dis- 
ease through improved sanitation, or the cure 
of disease through new drugs. 

Much of the medical profession in the 
early twentieth century was focused on bat- 
tling infectious diseases. As if carryovers 
from the nineteenth century such as cholera 
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Frederick G. Banting, discoverer of insulin. (National 
Library of Medicine) 


and tuberculosis were not damaging enough, 
an influenza epidemic during World War I 
spread throughout the world, killing more 
than 21 million people, the work not of a 
bacterium but of a much smaller organism, a 
virus. Although studies indicated that better 
sanitation might decrease the spread of 
deadly microorganisms, scientists realized 
that the human body could never be made 
perfectly sterile. In addition, physicians em- 
phasized the “microbe” nature of disease 
rather than the “filth” nature of disease. Al- 
though cleanliness certainly would help pre- 
vent disease, a person infected with tubercu- 
losis could spread the disease to nearby 
people in even the cleanest of homes. Despite 
the medical community’s recognition of the 





role of microbes in spreading disease, the 
popular conception of dirt as the source of 
“germs”—and thus disease and death—con- 
tinued beyond mid-century and is still preva- 
lent today. 

Physicians played important roles in shap- 
ing social policy, by defining diseases, formu- 
lating appropriate therapy, and making rec- 
ommendations to public health officials. One 
example was the effort to eliminate tubercu- 
losis, commonly known as consumption, 
which combined physicians’ expertise with 
state-sponsored social programs. When 
Britain recruited soldiers for the Boer War at 
the turn of the twentieth century, for in- 
stance, officials were shocked at the numbers 
of young men who were unfit for service. 
Armed with the germ theory of disease, 
physicians proposed a series of measures— 
rules against spitting in public, strict controls 
on milk, meat, and other potential breeding 
grounds for bacteria, and the separation of in- 
fected patients in hospital wards. The effort 
to eliminate tuberculosis continued during 
the first half of the century as part of larger 
campaign to improve the overall health of 
British subjects. Although it was not very ef- 
fective in combating the disease, the cam- 
paign served as a vehicle for enforcing social 
laws desired by the middle classes. In another 
example of the connections between physi- 
cians and social policy, medical practitioners 
in Nazi Germany helped to initiate the racial 
hygiene laws by advising on the language to 
be used. Thus sterilization, euthanasia (med- 
ical killing of “undesirables”), and restrictive 
marriage laws find their origins not merely in 
extremist Nazi ideology but also in main- 
stream medicine of the era. As historian 
Robert Proctor argues, this active participa- 
tion of medical professionals served to vali- 
date racial policies by providing them with a 
blessing from the scientific community. 

Another important development in medi- 
cine was the rise of the pharmaceutical indus- 
try. Drug companies were an important 
source of funding for research in the biomed- 
ical sciences, and they benefited from the re- 


sults. The German bacteriologist Paul Ehrlich 
(1854—1915) first developed Salvarsan, a 
chemical therapy to treat syphilis; it was mar- 
keted widely, but the side effects were so 
painful that many refused to subject them- 
selves to it. Aside from chemically produced 
therapies, drug companies reproduced natu- 
rally occurring fighters of disease. The 1902 
discovery of the body’s regulating fluids 
(later called hormones) by British scientists 
William Bayliss (1860—1924) and Ernest 
Starling (1866—1927) produced a flurry of 
interest among pharmaceutical manufactur- 
ers. Hormone therapy became a crucial area 
of research, and products that could use hor- 
mones to alter the body’s reactions were 
produced and sold by corporations. The most 
celebrated of these products was Frederick 
Banting’s (1891—1941) 1921 discovery of in- 
sulin, which was the key to treating diabetes. 
Other products directly fought bacteria and 
were called antibiotics. During World War 
Il, U.S. pharmaceutical companies such as 
Pfizer and Merck mass produced penicillin 
and saved thousands of soldiers’? lives and 
limbs from infection. 

Although industries had the potential to 
develop “miracle drugs,” they also presented 
dangers when the effects of medicines were 
poorly understood. Some governments tried 
to respond to such uncertainties with regula- 
tions. The United States, for example, passed 
the Pure Food and Drug Act in 1906 in order 
to require accurate labeling of drugs; this 
measure, officials hoped, would enable con- 
sumers to make wiser choices. It also estab- 
lished the Food and Drug Administration to 
ensure proper controls on potentially dan- 
gerous substances. In 1938, after hundreds 
were killed from a toxic form of the drug sul- 
phanilimide, it passed a law (the Food, Drug, 
and Cosmetics Act) requiring prescriptions 
for certain drugs. Before, many narcotics 
could be purchased without permission from 
a doctor; now, there were distinctions be- 
tween over-the-counter drugs and those re- 
quiring consent of a physician. This put re- 
sponsibility for medical ethics and risks 
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directly on the shoulders of government, and 
it empowered doctors to be the brokers be- 
tween patients and their cures, not merely 
recommending treatment but controlling ac- 
cess to potential remedies. 


See also Cancer; Eugenics; Hormones; Industry; 
Microbiology; Penicillin; Public Health; 
Venereal Disease 
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Meitner, Lise 
(b. Vienna, Austria, 1878; d. Cambridge, 
England, 1968) 

Lise Meitner played a critical role in the 
discovery of nuclear fission prior to World 
War II. She has been called the “mother of 
the atomic bomb,” but this is not accurate. 
She was not involved in weapons research; in 
fact, she was isolated from nuclear research 
before the war began. Her role in the discov- 
ery of fission was covered up and repressed 
by her long-time colleague, Otto Hahn 
(1879—1968). He alone received the Nobel 
Prize for this work, though Meitner probably 
should have shared it with him. Their 
decades-long collaboration ended abruptly 
just prior to Hahn’s critical experiments, be- 
cause Meitner, a Jew, had to flee from Nazi 
Germany. 

Meitner, an Austrian, went to Berlin in 
1907 and soon began a fruitful collaboration 
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with Otto Hahn. She was a physicist, and 
Hahn was an expert in radiochemistry. It was 
not an equal partnership; for example, Meit- 
ner’s status as a woman meant that she could 
not enter the institute through the front 
door. But in 1913, she was appointed offi- 
cially to the Kaiser Wilhelm Institute, and a 
few years later she headed a research section 
for physics. By 1922 she was teaching at the 
University of Berlin, a right that was not 
granted to women until 1918. 

The joint work of Meitner and Hahn led 
to their discovery of the element protac- 
tinium in 1918. As biographer Ruth Sime 
notes, this work was done almost entirely by 
Meitner, while Hahn served at the front in a 
chemical warfare unit. The credit, nonethe- 
less, went to both. In subsequent years, 
Meitner became increasingly interested in 
nuclear physics, especially after the discov- 
ery of the neutron by James Chadwick 
(1891-1974). Neutron bombardment be- 
came a powerful tool in facilitating reactions 
between atoms, because neutrons had mass 
but no repellent charge. In 1934, she con- 
vinced Hahn to renew their collaboration 
and investigate the radioactive transmuta- 
tions of heavy elements. 

When Adolf Hitler (1889-1945) came to 
power in 1933, many Jews resigned their po- 
sitions or were forced out of work. Meitner 
was Austrian, which exempted her from 
German racial laws. But after the Anschluss— 
the annexation of Austria by Germany in 
1938—and after strong denunciations by a 
Nazi colleague at the Kaiser Wilhelm Insti- 
tute, she fled to Stockholm, Sweden. Later, 
she said that she regretted staying even as 
long as she did, surrounded by hostile scien- 
tists and forced to watch the ruin of less for- 
tunate colleagues. Yet she was also saddened 
when she left, uprooted from her home, 
friends, and colleagues. 

When Meitner left Germany in 1938, she 
and Hahn had been studying chemical reac- 
tions in uranium from neutron bombard- 
ment. They had also enlisted the help of an- 
other colleague, Fritz Strassman (1902— 





Lise Meitner and Otto Hahn, ca. 1913. (Otto Hahn, a 
Scientific Autobiography, Charles Scribner's Sons, New 
York, 1966, courtesy AIP Emilio Segré Visual Archives) 


1980); with Meitner gone, the two found 
some puzzling results in the laboratory. They 
thought that their uranium had transformed 
into an isotope of radium, which was ex- 
pected, yet it seemed to have the chemical 
properties of barium, much further down the 
periodic table. Hahn, wanting to keep up his 
collaboration with Meitner, asked her in a 
letter to provide some theoretical explana- 
tion. This she did in early 1939, along with 
her nephew Otto Frisch (1904-1979). The 
uranium had not decayed into radium, but 
had split into two atoms of barium and re- 
leased some energy. Frisch borrowed a term 
from biology and called it fission. 

Despite the longtime collaboration of 
Hahn and Meitner, not to mention the im- 
portant work of Strassman and Frisch, Hahn 
alone was recognized as the discoverer of fis- 
sion. He won the Nobel Prize in Chemistry 
in 1944. Hahn himself, living in Nazi Ger- 


many, feared the consequences of admitting 
his heavy reliance on a Jewish woman. This is 
somewhat understandable, although Meitner 
was surprised that he continued to omit ref- 
erence to her even after the war. Given the 
importance of her work to physics, and in- 
deed to the course of the twentieth century, 
Meitner’s life is a strong testament to the 
power of prejudice in science and society in 
the first half of the twentieth century. 


See also Atomic Structure; Fission; Hahn, Otto; 
Radioactivity; Physics; Women 
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Mental Health 
The study of mental health and the treatment 
of mental illness have proven controversial 
for historians ever since the publication of 
Michel Foucault’s 1965 book, Madness and 
Civilization. In that book and others, Foucault 
argued that institutions or other kinds of in- 
carceration have been forms of social control 
by elites since the eighteenth century. Cer- 
tainly many of the controversial figures of his- 
tory have been labeled mad by political oppo- 
nents, as in the case of John Brown 
(1800-1859), the famous slavery abolitionist 
who sparked a national crisis prior to the 
American Civil War. But the history of men- 
tal health has been more complex than mere 
social control; in the first half of the twentieth 
century, it was marked by renewed efforts to 
treat rather than isolate patients. The means 
for doing so included psychiatric evaluations, 
radical surgical procedures, and drug use. 
The asylum was the focal point of mental 
illness treatment in the nineteenth century. 
But treatment is a term loosely used. Seldom 
did patients leave the asylum cured, and the 
institutions played a largely custodial role. 
Around 1875, about 90 percent of mental 
health patients in the United States lived in 
public institutions. By the 1920s, institutions 
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provided long-term custodial care for their 
patients, about half of whom stayed for at 
least five years. The emphasis on outpatient 
treatment was a twentieth-century develop- 
ment, resulting largely from pressures from 
the psychiatric profession. Psychiatrists were 
part of a “mental hygiene” movement that 
emphasized prevention, whether it was a pa- 
tient in a psychiatrist’s office or an entire 
community (or society as a whole). The pop- 
ularity of psychoanalysis underlined the im- 
portance of evaluating each person’s own 
state of mental health, rather than categoriz- 
ing people as either normal or mad. Such ef- 
forts helped to diminish the stigma (but cer- 
tainly not to eliminate it) attached to seeking 
help in preventing mental illness. 
Desperation for cures of mental illnesses 
coincided with faith that surgeons could lo- 
cate the “problem area” of the brain and sim- 
ply eliminate it. Portuguese neurologist Egas 
Moniz (1874—1955) designed a special cut- 
ting instrument, the leukotome, to be used 
for cutting the connections between the 
frontal lobe and the rest of the brain. The 
first “prefrontal leukotomies” were per- 
formed using Moniz’s techniques in the mid- 
1930s, and the results were published in 
1936; they appeared to be so effective that he 
would later (in 1949) win the Nobel Prize in 
Physiology or Medicine. The most common 
use of the procedure was in treating schizo- 
phrenia. The term lobotomy was brought into 
use by the American Walter Freeman 
(1895-1972), who promoted the procedure 
through the media, bringing him instant ac- 
claim. The procedure had many flaws and 
was dangerous, as in cases when the instru- 
ment broke and remnants of it remained in 
the brain. In 1946, Freeman developed the 
transorbital lobotomy procedure, involving 
entry into the brain through the eye socket. 
But his surgical techniques angered some of 
his colleagues, and such radical procedures 
declined dramatically with the development 
of more effective psychotropic drugs such as 
chlorpromazine, used to treat schizophrenia. 
The treatments for mental illness often 
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depicted in popular culture—straitjackets, 
covered bathtubs, chains—were comple- 
mented by new techniques developed in the 
1930s. Manfred Sakel (1900—1957) of Vi- 
enna devised a hypoglycemic coma-inducing 
injection for schizophrenic patients. Ladislav 
Von Meduna (1896—1964) of Hungary de- 
veloped an intravenous therapy for victims of 
seizures. In 1938, the Italians Ugo Cerletti 
(1877-1963) and Lucio Bini (1908—1964) 
developed electric convulsive therapy, which 
produced seizures of their own but appeared 
to be an effective treatment for severe de- 
pression. These treatments were used to 
curb symptoms in severely affected patients. 
World War II shaped perceptions of treat- 
ment because of the many cases of psycho- 
logical trauma on the battlefield. When some 
of these cases were treated successfully by 
psychiatrists, mental health experts increas- 
ingly reconsidered the wisdom that keeping 
patients isolated in institutions was the best 
kind of treatment. Instead, they began to em- 
phasize the importance of community rather 
than isolation. This new emphasis had the 
double effect of taking mental health patients 
out of the asylum and attracting new people 
to the field of psychiatry because of the op- 
portunities to study social interactions of pa- 
tients. In addition, the development of effec- 
tive psychotropic drugs in the 1950s blurred 
the boundaries between psychological treat- 
ments and somatic (bodily) ones. In the early 
1950s, these and other factors prompted 
widespread demands for reform of existing 
strategies of care. The 1949 establishment of 
the National Institute of Mental Health in the 
United States coincided with these reevalua- 
tions and stepped them up further by funding 
research and development in formulating 
new treatments for mental health patients. 


See also Mental Retardation; Psychology; Public 
Health 
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Mental Retardation 
In the twentieth century, mental retardation 
was perceived as a serious social problem. 
People with severe cognitive disabilities, or 
mental retardation, were institutionalized 
during the nineteenth century as a means to 
save them from society. Major institutions 
sprang up in several countries. In isolation, 
groups of people with mental retardation be- 
came objects of scientific studies, leading to 
new classification schemes and the concept 
that mental retardation is genetic and con- 
nected to some of society’s troublesome 
problems. Sterilizations were widespread 
during the eugenics movement of the 1920s 
and 1930s, and efforts to deinstitutionalize 
people with mental retardation and to in- 
clude them in mainstream society did not see 
much success until after World War II. 
Historian James W. Trent has argued that 
the segregation and seclusion of “feeble- 
minded” children into institutions was, at 
least in the United States, largely because of 
the efforts of institution superintendents. 
These professionals carved a niche for them- 
selves by emphasizing the need for special 
care and the inappropriateness of caring for 
such children at home. The result was a 
large-scale tendency to isolate people diag- 
nosed with mental retardation, supposedly 
keeping them safe from society and keeping 
society safe from them. 


One carryover from the nineteenth cen- 
tury was the perception that feebleminded- 
ness was linked to other social ills. Richard 
Dugdale (1841—1883) had written about the 
Jukes, a family of degenerates whose feeble- 
mindedness turned them into paupers and 
criminals. The twentieth-century figure 
who lent credibility to these ideas was the 
American Henry Herbert Goddard 
(1866-1957). One of Goddard’s goals was 
to incorporate the intelligence tests in- 
vented in France by Alfred Binet 
(1857—1911), later dubbed the IQ test. Un- 
like Binet, Goddard wanted to use the sys- 
tem to develop a classificatory scheme that 
separated individuals with mental retarda- 
tion into categories of severity: idiot, imbe- 
cile, and feebleminded (or, using the word 
he coined, moronic). Goddard’s initial stud- 
ies of immigrant populations labeled vast 
numbers of them morons. A firm believer in 
Mendelian genetics, Goddard noted that 
these categories could be transmitted from 
one generation to the next. In a 1913 study 
of a family in rural New Jersey, the 
Kallikaks (a pseudonym), Goddard traced 
the origins of the family’s apparent moronic 
tendencies to the union of a man with a mo- 
ronic wife. He believed that the family’s 
low social position was less a product of so- 
cial conditions than of their overall genetic 
feeblemindedness. 

People with mental retardation suffered 
during the eugenics movement. Eugenics 
(literally: “good breeding”) was based on pu- 
rifying racial groups by eliminating pollu- 
tants. Goddard’s work contributed to the at- 
titude that the evils of society—namely, 
poverty, crime, and immorality—went hand 
in hand with feeblemindedness. Those seek- 
ing a long-term cure for mental retardation 
in society occasionally advocated sterilization 
to improve “racial stamina” or prevent “race 
suicide.” In efforts to purify society's gene 
pool, several countries enacted sterilization 
laws. In the United States alone, more than 
twenty states passed laws by the mid-1920s 
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requiring sterilization of people with mental 
retardation, and between 1907 and 1963, 
more than 60,000 people were sterilized. In 
the 1927 case of Buck v. Bell, the U.S. 
Supreme Court upheld the practice of invol- 
untary sterilization on the basis that the 
health of the general public superseded indi- 
vidual rights. Most of the sterilizations were 
carried out in the 1930s. 

The shift in thinking from isolation in in- 
stitutions toward integration was a slow 
process, mainly accomplished in the 1950s 
and after. But as early as the 1920s, institu- 
tion superintendent Charles Bernstein began 
to advocate moving patients into smaller 
homes within the mainstream community, to 
provide a more normal environment. Mov- 
ing patients from institutions into group 
homes constituted an early step in integrating 
people with mental retardation into society. 
While allowing residents to live in the main- 
stream, group homes served as a place to ac- 
commodate special needs. Increasingly, ex- 
perts in “special education” would place more 
emphasis on including people with cognitive 
disabilities in schools and community activi- 
ties rather than secluding them in institu- 
tions. People with disabilities began a serious 
movement for equal access to education, in- 
spired by the 1954 landmark civil rights deci- 
sion by the Supreme Court, Brown v. Board of 
Education. 


See also Eugenics; Genetics; Intelligence 
Testing; Mental Health; Psychology 
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Meteorology 

Meteorology is the scientific study of the 
earth’s atmosphere. It focuses on the under- 
standing and prediction of the weather. 
Twentieth-century theoretical meteorology 
grew out of the work of the Norwegian sci- 
entist Vilhelm Bjerknes (1862—1951). His 
studies of large-scale circulation processes, 
which extended mathematical hydrodynam- 
ics to include another variable—tempera- 
ture—made Bjerknes a central figure in the 
history of both meteorology and oceanogra- 
phy. His interests stemmed from the com- 
peting influences of his mathematician father, 
Carl Bjerknes (1825—1903), and physicist 
Heinrich Hertz (1857—1894), who had con- 
ducted experiments on electromagnetic 
waves. His theory of circulation, enunciated 
in 1897, synthesized hydrodynamics and 
thermodynamics, and his analyses of the in- 
teractions between heat and moisture ap- 
peared to have important ramifications in 
meteorology. Bjerknes soon came to see 
weather forecasting as one of the principal 
uses of his ideas about circulation. 

Studies of meteorology expanded in the 
first two decades of the century. Bjerknes 
was personally responsible for starting, with 
money from the Carnegie Institution, geo- 
physical institutes in Kristiania (later named 
Oslo), Norway, and Leipzig, Germany. In 
1917, he left Germany to return to Norway, 
where in Bergen he began a meteorological 
service to attend the country’s economic and 
strategic needs. Around Bjerknes, a new 
group of leading meteorologists arose in the 
1920s, known collectively as the Bergen 
school. They originated the idea of the 
weather front, based on their discovery of a 
major polar front affecting local weather con- 
ditions. Tracking its movements became a 
critical tool of the Norwegians in pioneering 
the use of weather forecasting for aircraft and 
for other purposes; this usefulness also gave 
Norwegian meteorologists considerable in- 
fluence in their country. 

World War I provided a major forum to 
test the ability of meteorologists to predict 


weather conditions and thus become useful 
for the war effort. Armies established flying 
corps, whose participants had to be trained to 
handle adverse weather conditions and to 
know when favorable flying conditions might 
exist. For example, war meteorologists found 
that the winds on the Western front tended to 
come from the west, which was favorable to 
the Germans if their planes had engine trou- 
ble, as they could glide to safety; British, 
French, or U.S. planes, by contrast, might be 
obliged to land behind enemy lines or in the 
no-man’s-land between the two sides. Flyers 
needed to be educated about such variables in 
order to prevent the Germans from drawing 
them too far behind enemy lines, especially 
given the lack of reliable engines. 

Meteorology became one of the principal 
ways in which scientists advised govern- 
ments. The United States Weather Bureau, 
for example, relied on the government’s Sci- 
ence Advisory Board, which recommended 
funding air mass analyses, a concept based on 
the notion of fronts. Air masses were those 
masses of air of generally the same tempera- 
ture, moisture, and wind, differing from 
other masses with different properties. The 
lines of discontinuity separating them were 
the “fronts.” Polar masses, for example, were 
cold and dry, whereas equatorial masses 
were warm and wet. Instead of mixing upon 
contact, usually the masses remained dis- 
tinct, often causing storms and other anom- 
alous conditions at the front. These air 
masses were more intensively studied in the 
1930s, and communication systems were de- 
veloped in order to coordinate studies and fa- 
cilitate weather forecasting. 

Meteorology matured further during 
World War II. Advanced communications 
systems ensured faster reporting of local con- 
ditions, enabling broader portraits of re- 
gional and even world conditions. The U.S. 
Navy made extensive use of meteorologists 
when planning combat operations. For ex- 
ample, after the U.S. attacks on the Marshall 
Islands in the Pacific Ocean in January 1942, 
naval task forces realized that they would be 


vulnerable to counterattack by Japanese 
bombers. But scientists knew that weather 
fronts provided natural smokescreens, with 
miserable weather that not only hid ships but 
also discouraged airplane attacks. By identify- 
ing the location of a front heading eastward 
toward a safe harbor, the Navy simply kept 
close to the front and enjoyed relative safety 
from the harassment of Japanese airplanes. 
Meteorologists also played important roles in 
selecting the optimal dates of amphibious 
landings in North Africa and Normandy. One 
of the requirements for such planning was 
improved long-term forecasting (as opposed 
to 24-hour or 36-hour forecasting). Close re- 
lationships between the Weather Bureau and 
the branches of the armed services, the estab- 
lishment of a network of weather stations, 
the use of radar to track weather balloons, 
and frequent storm-scouting by airplanes en- 
abled intensive joint analyses of weather pat- 
terns, and the lead-time of wartime forecasts 
often could be extended to about five days. 


See also Bjerknes, Vilhelm; Oceanography; 
World War I; World War II 
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Microbiology 

Microbiology concerns itself with the nature 
and effects of microorganisms. Around the 
turn of the twentieth century, scientists 
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commonly referred to these as microbes, 
typically in relation to bacteria causing dis- 
ease. Many of the celebrated figures in mi- 
crobiology were called microbe hunters, and 
came to prominence toward the end of the 
nineteenth century because their discoveries 
had far-reaching medical and public health 
applications. These include Louis Pasteur 
(1822—1895), Robert Koch (1843—1910), 
and Paul Ehrlich (1854—1915), each of 
whom developed treatments for diseases 
caused by microbes—for example, rabies, 
anthrax, tuberculosis, and syphilis. Both 
Koch and Ehrlich were deeply involved in 
developing public health measures to pre- 
vent outbreaks of such diseases in the first 
decade of the century. 

The importance of microorganisms in 
identifying and combating disease sparked a 
major reorientation of public health toward 
the science of microbiology. Whereas nine- 
teenth-century public health measures em- 
phasized better sanitation and social pro- 
grams for preventive action, the early 
twentieth century increasingly—although 
not wholly—telied on microbe hunting as 
the solution to the problem of major dis- 
eases. Ehrlich, arguably the most famous of 
the microbe hunters, predicted in 1906 that 
scientists would be able to develop “magic 
bullets” to combat specific microbes without 
damaging surrounding tissue. Although the 
failure to discover a reliable “magic bullet” 
for major diseases such as syphilis in subse- 
quent decades encouraged a return to the 
preventive approach, the successes of vac- 
cines and antibiotics during the 1940s in dras- 
tically reducing the effects of infectious dis- 
eases helped to tip the balance from 
prevention to cure. 

Most of the accomplishments in microbi- 
ology in the first half of the century were in 
identifying the microbes causing specific dis- 
eases. For example, Charles Henri Nicolle 
(1866—1936) discovered in 1909 that typhus 
fever is transmitted by the body louse. In 
1911, American Francis Rous (1879—1970) 
identified a virus that could cause cancer. In 
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British microbiologist Alexander Fleming, one of the developers of penicillin, holding a petrie dish. Penicillin 's life-saving 





properties stood next to the atomic bomb and radar as one of the war's greatest scientific accomplishments. 
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1918, Alice Evans (1881-1975) identified 
the bacillus responsible for Malta fever, cat- 
tle abortion, and swine abortion. The Spanish 
influenza virus swept the world in 
1918-1919 and killed more people (likely 
between 20 and 40 million) than did the 
fighting of World War I. The virus finally 
was identified in 1930. In 1935, Wendell 
Stanley isolated the tobacco mosaic virus in 
crystalline form. Research on identification, 
isolation, and vaccine development for such 
diseases was funded by various organizations, 
notably the Rockefeller Institute, which de- 
voted considerable resources to tracking 
down the microbes responsible for specific 
ailments. Therapy for such diseases occasion- 
ally, as in the case of vaccines, used dead or 


weakened microbes, although others such as 
Salvarsan—Ehrlich’s treatment of syphilis— 
were chemical in nature. 

Aside from the devastation of infectious 
diseases, the extraordinary number of com- 
plications from simple wound infections dur- 
ing World War I sparked renewed effort to 
develop ways to combat the effects of mi- 
crobes in the body. In 1928, British microbi- 
ologist Alexander Fleming (1881—1955) ob- 
served, quite accidentally, that a certain mold 
was an effective killer of bacteria. Penicillin, 
as it was called, was developed for wide- 
spread use during World War II to prevent 
the infections that had been so widespread 
during the last war. Companies in the United 
States manufactured penicillin in mass quan- 


tities. Its life-saving properties stood next to 
the atomic bomb and radar as one of the 
war’s greatest scientific accomplishments. 
Fleming shared the Nobel Prize with peni- 
cillin’s developers Howard Florey 
(1898—1968) and Ernst Chain (1906—1979) 
in 1945. 


See also Ehrlich, Paul; Koch, Robert; Medicine; 
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Millikan, Robert A. 
(b. Morrison, Illinois, 1868; d. San Marino, 
California, 1953) 

Robert A. Millikan was a U.S. physicist 
whose many contributions served the inter- 
ests of science, military, and his own institu- 
tion. He graduated from Oberlin College in 
1891 and received a doctorate in physics 
from Columbia University in 1895. Like 
many ULS. scientists of his generation, he 
traveled abroad to leading European institu- 
tions after taking his degree. He went to 
Berlin and Göttingen, Germany, before tak- 
ing up a position at the University of 
Chicago. His initial research interest was on 
light polarization; he later became known for 
his work on electrons, the photoelectric ef- 
fect, and cosmic rays. One of Millikan’s bi- 
ographers called his career a microcosm of 
U.S. science during the first half of the twen- 
tieth century. As a scientist, Millikan was not 
only a researcher, but also a teacher, 
celebrity, administrator, and a consultant for 
government and industry. 

Millikan came to prominence fairly late in 
life. He had devoted his early scientific years 
to teaching, before making the measurement 
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that made him famous. Millikan’s many con- 
tributions were in observation, measure- 
ment, and experiment, helping to lend cred- 
ibility to many of the theoretical constructs 
coming from European scientists. For exam- 
ple, in 1910, he measured the charge carried 
by an electron and demonstrated that the fig- 
ure was constant for all electrons. He did it 
by developing the oil-drop method, measur- 
ing the pull of gravity on a drop of oil against 
the force of an electric field. In many re- 
spects, he was a relic of the physics commu- 
nity of the late nineteenth century, with its 
allegedly limited aspirations of simply im- 
proving the accuracy of measurements to the 
next decimal place rather than breaking new 
ground. His next effort, to test the photo- 
electric effect, began as an exercise in reining 
in outrageous new concepts; instead, he 
ended up strengthening Albert Einstein’s 
(1879—1955) theory about photons. For this 
and his work on measuring electrons, Mil- 
likan was awarded the Nobel Prize in Physics 
in 1923. He was the first U.S.-born scientist 
to receive this honor. 

During World War I, Millikan played a 
leading role in putting science in the service 
of the U.S. military. He replaced Thomas 
Edison (1847—1931) as the premier “useful” 
man of science in the country, helping to or- 
ganize research for submarine detection, an- 
tisubmarine warfare, aviation, and other 
areas of research. He became the executive 
head of the National Research Council, cre- 
ated during the war to keep the United States 
at the cutting edge of research for the na- 
tional interest, in military and other domains. 

Despite the honor of winning the Nobel 
Prize for the oil-drop method and for testing 
the photoelectric effect, Millikan is equally 
well known for his work on cosmic rays. In 
fact, he began a tradition of world leadership 
in cosmic ray research at Caltech, where in 
1921 he became the director of the Norman 
Bridge Laboratory of Physics. Building on the 
prewar work of Austrian physicist Victor 
Hess (1883—1964), Millikan coined the term 
cosmic ray to describe the elementary particles 
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entering the earth’s atmosphere from space. 
These rays often were called Millikan rays by 
those who were unaware of (or unwilling to 
acknowledge) the work of Hess, who first 
identified the phenomenon. Millikan believed 
that cosmic rays were high-energy photons, 
but that idea was discarded in the mid-1930s. 
Millikan occupied a central place in making 
Caltech a world-class research institution. As 
Caltech’s chief executive officer, Millikan 
sought to achieve George Ellery Hale’s 
(1868—1938) goal of having a coterie of top- 
notch chemists and physicists in the vicinity of 
the Mount Wilson Observatory. Not all of his 
efforts were admirable: Like many U.S. aca- 
demics in the 1920s, he was reluctant to hire 
Jews. Still, under Millikan’s influence, Cal- 
tech became a major center for research on 
cosmic rays, leading to a great deal of impor- 
tant work, including Carl Anderson’s 
(1905—1991) discoveries of the positron and 
meson (later called muon). In addition, Mil- 
likan attracted many leading scientists to Cal- 
tech, including geneticist Thomas Hunt Mor- 
gan (1866—1945). Caltech flourished in the 
1930s despite the hard times of the Great De- 
pression. In fact, Millikan was a staunch op- 
ponent of state-supported science, preferring 
to depend on philanthropy and the coopera- 
tion of industry. This sentiment agreed with 
his anti-New Deal political leanings, but it 
made him a decidedly pre—Cold War scien- 
tific administrator. By the end of World War 
II, state-supported science was the order of 
the day. By then, however, Millikan had re- 
signed as head of Caltech. He died in 1953. 


See also Cosmic Rays; Physics; World War I 
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Missing Link 

Evolutionists of the nineteenth century, in- 
cluding Charles Darwin (1809—1882), re- 
gretted that the fossil evidence for the theory 
of evolution was not particularly convincing. 
Instead, they turned to biological arguments 
from studies of embryology, breeding, and 
comparative anatomy. Remains of Nean- 
derthal Man were first discovered in 1856, 
some three years prior to Darwin’s publica- 
tion of On the Origin of Species by Means of Nat- 
ural Selection, but few looked to these bones 
as direct evidence of human evolution. Pop- 
ular views of evolution treated the modern 
animals in a hierarchy, as if modern man 
evolved from modern apes (with apes re- 
maining unchanged). Each animal could be 
classed as “higher” or “lower” on a scale. Dar- 
winists did not hold this view, but they did 
seek to find in fossils the evidence of com- 
mon ancestry among apes and men. Such ef- 
forts led to popular demands for evidence of 
the transition between apes and man. 
Where, the question was posed, were the 
“missing links” in the chain of evolution? 

One of the first naturalists to find evidence 
of such a missing link was Eugene Dubois 
(1858-1940), a Dutch surgeon. In his travels 
in the Dutch colonies in Southeast Asia, par- 
ticularly the island of Java, he discovered an- 
cient fossils that he believed filled the link. In 
1891 and 1892, he found bones—a molar, 
skullcap, and femur—that appeared to be a 
cross between and modern ape and a modern 
man. In Dubois’s view, these bones illus- 
trated a transitional phase between apes and 
man, with a man’s femur and a skull too large 
for an ape but smaller than a man’s. Judging 
from the femur, the man must have walked 
erect. Dubois called it Pithecanthropus erectus, 
and it became known as Java Man. 

Dubois defended his findings against a host 
of critics, scientists and nonscientists alike. 
He attempted to withdraw from the debate 
around 1900, refusing to let anyone see the 
bones. This seclusion lasted for about twenty 
years, until he eventually announced that he 
now believed that the skull was that of a giant 


ape. Historians recently have reevaluated his 
pronouncement not as a signal of defeat, but 
rather as an effort to distinguish Java Man as 
older than the discoveries being made in the 
1920s in China. 

Efforts to find the missing link evolved into 
quests to find the oldest remains of hominids 
from which modern humans might descend. 
The most significant findings were in China, 
at the Zhoukoudian site near Beijing. Called 
Sinanthropus Pekinensis, or Peking Man, the 
collection of bones came from a deposit re- 
vealed by limestone quarrymen in the early 
1920s. Excavations continued for many years 
thereafter. Both Java Man and Peking Man ap- 
peared to demonstrate that modern man orig- 
inated somewhere in Asia, a view widely held 
until the 1950s, when the work of Louis 
Leakey (1903-1972) and Mary Leakey 
(1913-1996) revealed much older hominid 
remains from the Olduvai Gorge in Africa. 

Efforts to find the missing link have been, 
at times, a bit too vigorous. For example, 
Piltdown Man was “discovered” in a gravel 
bed in Sussex, England, in 1912. It had a 
human skull and an ape’s mandible, and after 
its discoverer Charles Dawson (1864—1916) 
it was named Eoanthropus dawsoni. Its precise 
age in relation to Java Man and (later) Peking 
Man was always a subject of controversy, and 
for forty years, Piltdown Man was England’s 
very own missing link. But in the early 
1950s, it was revealed as a forgery, and sci- 
entists and historians have been trying to 
identify the hoaxer ever since. 

The idea of the missing link in a hierarchi- 
cal chain oversimplified an important feature 
of evolutionary theory, which asserted that 
apes and men share a common evolutionary 
ancestry. This is not the same thing as one 
evolving from the other. Java Man and 
Peking Man, for example, belonged to 
species closely related to modern man, but 
whether or not men descended directly from 
them was a constant source of controversy. 


See also Anthropology; Evolution; Peking Man; 
Piltdown Hoax; Simpson, George Gaylord 
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Mohorovičić, Andrija 
(b. Volosko, Croatia, 1857; d. Zagreb, 
Yugoslavia, 1936) 

Andrija Mohorovičić, one of the most cel- 
ebrated scientific figures from the former 
Yugoslavia, discovered the boundary be- 
tween the earth’s crust and mantle. He stud- 
ied physics at the University of Prague, and 
then did his graduate work at the University 
of Zagreb. Initially he pursued meteorology, 
founding a meteorological station at Bakar in 
1887. He became head of Zagreb’s meteoro- 
logical observatory in 1892, and in 1901, he 
led all of Croatia’s meteorological services. 
Despite all this work, Mohorovičić is much 
more widely known for an important discov- 
ery in seismology. 

A major earthquake in the Kupa Valley in 
1909 gave Mohorovičić the opportunity to 
put some of the latest techniques of seismol- 
ogy to use. The epicenter of the earthquake 
was some forty kilometers from Zagreb, thus 
Mohorovičić was in a good position to study 
it. In doing so, he discerned a major disconti- 
nuity in the velocities of seismic waves deep 
beneath the surface of the earth. Seismic 
wave velocities changed abruptly, indicating 
a serious difference in density between the 
parts of the earth through which the waves 
passed. Mohorovičić determined that this 
discontinuity marked the boundary between 
the earth’s mantle (below) and crust (above). 
That boundary came to be called the Mo- 
horovičić discontinuity, or Moho, for short. 
The failed project that took form in the late 
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1950s in the United States, Project Mohole, 
takes its name from Mohorovicic. The pro- 
ject’s goal was to drill a hole to sample the 
mantle, whose precise constituents were un- 
known. Mohorovičić was one of several in 
the early twentieth century to contribute to 
the model of the earth’s interior with evi- 
dence based on the speed of seismic waves 
traveling through different kinds of rock. 


See also Geophysics; Seismology 
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Morgan, Thomas Hunt 
(b. Lexington, Virginia, 1866; d. Pasadena, 
California, 1945) 

Thomas Hunt Morgan’s fruit fly experi- 
ments provided the experimental evidence 
for the relationships among genes, characters 
(or traits), and chromosomes. His work is 
the foundation of classical genetics, because it 
established the material basis of heredity in 
genes carried by the chromosomes. During 
his long career he held positions at Bryn 
Mawr College, Columbia University, and the 
California Institute of Technology. His early 
interests were in embryology, but the influ- 
ence of Hugo De Vries (1848—1935) led him 
toward genetic variation, particularly muta- 
tion. Like other geneticists such as De Vries 
and William Bateson (1861—1926), Morgan 
opposed the continuous variation proposed 
by Darwinian evolution and preferred sud- 
den, discontinuous jumps (mutation). At- 
tempting to observe such mutations, he con- 
ducted breeding experiments on animals 
such as mice, rats, and pigeons, finally set- 
tling on the fruit fly. 

Because Drosophila melanogaster, the fruit 
fly, has a life cycle of some two weeks, it 
made an ideal candidate for observing the 
transmission of characters from one genera- 
tion to the next. It also has lots of offspring 


and is a hardy creature in the same vein as the 
common cockroach. It also has few chromo- 
somes, making it a relatively simple organism 
through which to study heredity. Morgan 
hoped that the fruit fly would yield some 
readily identifiable mutants, and that he 
could observe their hereditary transmission. 
The first mutation he observed was the 
“white eye” character. 

Morgan’s studies of the fruit fly persuaded 
him to reverse his view that chromosomes 
could not carry the characters of heredity ac- 
cording to Mendelian laws. He previously had 
held that deviations from these laws proved 
them inaccurate, especially the deviations 
suggesting that some characters were inher- 
ited together rather than independently. But 
the fruit fly experiments showed such broad 
agreement with Mendelian genetics that Mor- 
gan upheld the concept of linkage to explain 
the apparent mutual dependence of some 
characters. If chromosomes carried more than 
one character (and certainly there were far 
fewer chromosomes than characters), then 
the chromosomes would behave according to 
Mendelian laws. Meanwhile, the characters 
themselves would show some aberration 
from the laws because they were linked to- 
gether (and thus not independent) on the 
same chromosome. For example, Morgan 
found that the traits “white eye” and “rudi- 
mentary wings” were always inherited to- 
gether, and thus were an example of linkage. 

Morgan also found that linkage was not al- 
ways complete; in other words, the traits did 
not always segregate together to be passed on 
to the next generation. He borrowed a the- 
ory from cytology, namely, Frans A. 
(1863—1924) 
which showed the breaking and reformation 


Janssens’ s “chiasmatype,” 
of chromosomes and the consequent inter- 
change of segments, all in the early stage of 
cell division. Morgan believed that this 
process, the crossing-over of characters 
through the recombination of chromosomes, 
could explain the observed incompleteness of 
linkage. With the short-lived and populous 
fruit flies, Morgan had quantitative and in- 


creasingly precise data to demonstrate such 
crossing-over of characters, along with ge- 
netic linkage generally. Between 1910 and 
1915, he and colleagues Alfred H. Sturtevant 
(1891-1970), Calvin B. Bridges (1889— 
1938), and Hermann J. Muller (1890—1967) 
observed the linkages and recombination of 
chromosomes in their fruit flies in the “fly 
room” at Columbia University. Their studies 
culminated in the 1915 book, The Mechanism 
of Mendelian Inheritance, now a classic of mod- 
ern genetics. 

Although he had once been an adamant 
opponent of Mendelian genetics, Morgan 
now became the center of genetics research 
as it moved from England to the United 
States. The focus of this work was the me- 
chanics of chromosomes. In the early 1920s, 
William Bateson abandoned his own long- 
held opposition to viewing chromosomes as 
the carrier of heredity and effectively ceded 
leadership in the field to Morgan’s group. 
Morgan’s status in the United States rose dra- 
matically in subsequent years, and he became 
president of the National Academy of Sci- 
ences in 1927 and president of the American 
Association for the Advancement of Science 
in 1930. In 1928, he left Columbia Univer- 
sity to take up a position at the California In- 
stitute of Technology, where he worked until 
his death in 1945. In 1933, Morgan won the 
Nobel Prize in Physiology or Medicine for his 
work showing the material basis of heredity 
in chromosomes. 


See also Bateson, William; Chromosomes; 
Genetics; Mutation; Rediscovery of Mendel 
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Mutation 

The word mutation was adopted by biologists 
in the early twentieth century to describe sig- 
nificant and sudden changes within species. 
Its meaning itself mutated over time, from si- 
multaneous “saltation” and subsequent cre- 
ation of new populations, to the mechanism 
for random variation in genes. More gener- 
ally, the word came to mean a drastic meta- 
morphosis of some kind, and its usage is not 
limited to biology: Institutions and ideas 
mutate, transforming into entities with only 
some resemblance to the original. In the era 
after World War II, the genetic and somatic 
effects of testing nuclear weapons gave rise to 
fears of mutation; popular films portrayed 
giant insects and other mutants brought 
about by the atomic age. 

Dutch botanist Hugo De Vries (1848— 
1935), one of the scientists who had “redis- 
covered” Gregor Mendel’s (1822-1884) 
work around the turn of the century, popu- 
larized mutation as a means to explain hered- 
ity. He favored the idea that changes in 
species occurred through “saltations,” signifi- 
cant and abrupt changes. In The Mutation The- 
ory (1901), he forged a new path amid the de- 
bate between Darwinian natural selection 
and Lamarckian willful evolution. Mutation 
accounted not only for the inheritance of ex- 
isting characteristics, but also for the creation 
of new ones. In his view, mutation was sud- 
den and involved many individuals mutating 
at once, giving rise to a distinct breeding 
population. This interpretation, later re- 
jected, appeared to solve an outstanding 
problem of Darwinism, namely, how new 
characteristics are inherited without being 
“swamped” by the rest of the population. The 
mutation theory provided the answer by pro- 
posing mutation on a large scale. Mutation 
was also attractive to those who doubted that 
Charles Darwin’s (1809-1882) version of 
evolution could fit with the timescale of the 
earth calculated by physicists. With muta- 
tion, perhaps the process was much faster. 

De Vries had based his theory on his 
studies of the evening primrose, Oenothera 
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lamarckiana; later, in the 1920s, scientists 
found that this flower’s complex genetic 
structure would have agreed with his results, 
but were not truly mutations in the sense 
that he had thought. Meanwhile, geneticists 
took up mutation as a tool for attacking Dar- 
winism. One of these was the American 
Thomas Hunt Morgan (1866—1945), though 
he would soon abandon his opposition to 
Darwinian natural selection. Morgan’s ex- 
periments with fruit flies, or Drosophila 
melanogaster, identified numerous mutations 
and showed how they contributed to the 
fruit fly’s range of variability. The first ob- 
served was the white-eyed fruit fly, followed 
by others, including ones with bent wings 
and other characteristics, many of which 
clearly were not viable in the wild. Mutated 
genes were transmitted from one gener- 
ation to the next, obeying Mendelian laws. 
Morgan’s Mechanism of Mendelian Inheritance 
(1915) demonstrated the important role 
played by mutation in genetics, through its 
steady introduction of new genes into the 
population (although not creating a distinct 
population by simultaneous mutation, as De 
Vries had thought). This work aided, in the 
1920s, in the reconciliation between Dar- 
winism and Mendelism, and mutation be- 
came the mechanism for introducing random 
changes in the process of evolution. 


Fruit flies proved useful for tracing 
mutants, particularly because of their short 
lifespans. But in the early 1940s, scientists 
such as George Beadle (1903—1989) and 
Edward Tatum (1909—1975) turned to bread 
mold, Neurospora, to study biochemical muta- 
tions. No longer were mutants confined to 
understanding heredity. Beadle and Tatum 
used mutations not to study developmental 
genetics, looking for the key to evolution, 
but rather to understand biochemical interac- 
tions. For their work on the role of genes in 
chemical reactions, they won the Nobel Prize 
in Physiology or Medicine in 1958. 


See also Evolution; Genetics; Morgan, Thomas 
Hunt; Rediscovery of Mendel 
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National Academy of Sciences 

U.S. President Abraham Lincoln (1809— 
1865) created the National Academy of 
Sciences in 1863, during the Civil War, to 
advise the government on scientific matters 
when needed. Its membership included the 
nation’s leading scientists. The early years of 
the academy were troubled by personal con- 
flicts among its leading figures and the lack of 
teeth in policy recommendations. The nine- 
teenth-century opinion of the academy to 
adopt the metric system, for example, re- 
sulted in no official action by the govern- 
ment. The academy found itself, at the turn 
of the century, to be little more than a mu- 
tual admiration society with decisions seldom 
greater than that of choosing new members. 
With the creation of new federal bodies to- 
ward the turn of the century, such as the Na- 
tional Bureau of Standards, the academy was 
asked less and less for its advice, and academy 
leadership did not consider it proper either to 
offer their unsolicited services or to ask for 
money. 

The academy changed in the second 
decade of the twentieth century, largely 
owing to the efforts of one of its mem- 
bers, astronomer George Ellery Hale 
(1868-1938). When World War I began in 
Europe, the renowned inventor Thomas Alva 


Edison (1847—1931) began to work with the 
secretary of the Navy to help prepare the 
United States for possible involvement in the 
war. He headed the Naval Consulting Board, 
which relied on the National Bureau of Stan- 
dards and industrial laboratories for scientific 
advice. Feeling marginalized, Hale wanted to 
raise the reputation of the academy by re- 
versing its attitudes toward money and prac- 
tical research. Taking this step would not be 
easy, because elitist academy members did 
not see themselves as practical men. The 
academy had refused membership to figures 
who had distinguished themselves solely as 
inventors and engineers, including Edison. 
But Hale wanted to acquire more money and 
put the academy back into a place of promi- 
nence as the most important scientific body 
in the nation. He hoped to support individual 
scientists and research projects, to finance a 
proceedings journal, and to pay for a new 
building to establish a permanent home for 
the academy near the corridors of power in 
Washington, D.C. 

The war itself gave the academy the op- 
portunity to offer its services to the govern- 
ment without the appearance of begging for 
support. Hale urged President Woodrow 
Wilson (1856—1924) to support research for 
defense and to make the academy the leading 
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body to achieve defense-oriented scientific 
goals. Wilson approved the idea, and thus 
Hale became the first chairman of the newly 
created National Research Council (NRC) in 
1916 under the auspices of the academy. The 
NRC’s goal was to support both pure and ap- 
plied research, directed toward the security 
and welfare of the nation. Not only would it 
include leading scientists, but also it would 
embrace engineers, even those from the mil- 
itary. Decried by some as a militaristic step, 
the creation of the NRC ensured the acad- 
emy’s relevance as the primary scientific con- 
sultative body for the U.S. government. It 
also began a precedent of large-scale involve- 
ment of scientists in war work, such as sub- 
marine detection. When the war ended, Hale 
and like-minded colleagues continued these 
ideas by creating the International Research 
Council, which excluded scientists from the 
defeated powers of the war. 

The 1920s did not herald a new age of in- 
creasing demands for the academy’s advice. 
Its permanent building was finished in 1924. 
But the academy continued its strict elitism 
of membership, even rejecting a prominent 
mathematician who allegedly had broken the 
prohibition laws, which was too undignified 
for an academy member. The average age of 
members was near sixty, meaning that most 
of them had their productive years behind 
them. One critic called the new building a 
“marble mausoleum,” and as historian Daniel 
J. Kevles has written, many of Hale’s most 
ambitious scientific dreams were interred 
there. 

Nevertheless, the academy continued to 
play a major role in U.S. science in subse- 
quent years. The NRC’s committees pub- 
lished bulletins that periodically presented 
the “state of the field” in various disciplines, 
and it established a fund for prestigious post- 
doctoral fellowships. In the 1930s, the acad- 
emy had to fight for influence again, against 
the upstart Science Advisory Board. Acad- 
emy president William Wallace Campbell 
(1862—1938) distrusted the new body, which 
was not completely composed of academy 


members and seemed likely to sway under 
political influence, which helped to kill it 
after only two years. Later, during World 
War II, the academy failed to take the reins of 
research in the national interest. Vannevar 
Bush (1890-1974), who created the National 
Defense Research Committee and enjoyed 
money from the president’s emergency 
funds, avoided academy influence (and inter- 
ference) like the plague. Science soon 
sprouted up throughout the government, out 
of the academy’s hands, especially after the 
war when scientific research proved useful to 
numerous agencies, particularly the Depart- 
ment of Defense and the Atomic Energy 
Commission. The degree of the academy’s 
relevance to the postwar world is debatable; 
it certainly sponsored many study commit- 
tees, but the center of scientific activity, 
funding, and even advising might have rested 
elsewhere. 


See also Elitism; Hale, George Ellery; 
International Research Council; World War I; 
World War II 
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National Bureau of Standards 

The National Bureau of Standards was cre- 
ated when, at the turn of the twentieth cen- 
tury, the U.S. economy seemed to be enter- 
ing a new phase. The Spanish-American War 
recently had provided Americans with pos- 
sessions beyond its shores, and exports finally 
were beginning to exceed imports for the 
first time. To compete with European na- 
tions, some businessmen urged the federal 
government to follow their lead by funding 
scientific laboratories devoted to determin- 
ing standard physical and chemical units. As 
it stood, commercial firms had to depend on 


measuring devices imported from European 
scientific agencies. Led by physicist Samuel 
Wesley Stratton (1861—1931), scientists ea- 
gerly promoted a U.S. equivalent, and the 
bill to create the National Bureau of Stan- 
dards passed in 1901. 

The bureau was part watchdog and part sci- 
entific establishment. Its watchdog role was 
most evident early on. In 1909, bureau scien- 
tists visited shops and markets in all of the 
states, and they reported a large amount of 
marketplace cheating through false weights 
and measures, which prompted many states to 
increase their regulations. Such activities were 
clearly needed, but they required people and 
facilities. Stratton convinced the government 
to provide money for them. Thus the bureau 
became a home for men (women were explic- 
itly barred from the bureau for some years) to 
conduct studies of anything that might have a 
bearing on standards, weights, and measures. 
To some extent, these golden years for science 
at the bureau ended when Stratton resigned 
the directorship in 1923. During most of the 
1920s, the bureau focused on more practical 
studies that were in line with Republicans’ re- 
strained attitudes toward government spend- 
ing. After the start of World War II, the bu- 
reau’s director Lyman Briggs (1874—1963) 
became the chairman of the Uranium Com- 
mittee, charged with deciding what work (if 
any) should be done on building an atomic 
bomb. The director of the bureau was consid- 
ered to be the nation’s top government physi- 
cist. This unique prestige would fade during 
the war years, as physicists began to fill gov- 
ernment ranks and take on more responsibili- 
ties in national policy decisions. 

In 1948, the bureau came into wide public 
consciousness when its director, Edward 
Condon (1902-1974), was accused by a sub- 
committee of the House Un-American Activ- 
ities Committee (HUAC) as being “one of the 
weakest links in our atomic security.” The 
bureau became the site of the first major sci- 
entific casualty of anticommunist paranoia in 
the late 1940s and early 1950s. Condon was 


active in support of civilian control of atomic 
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energy and international cooperation in sci- 
ence, and he was hostile to excessive policies 
of secrecy. He was an easy target for Repub- 
lican congressman J. Parnell Thomas 
(1895-1970), who held opposite views; his 
distrust of scientists led him to launch an ef- 
fort to strip Condon of his security clearance 
and his job. His effort failed, but similar peri- 
odic attacks convinced Condon to resign in 
favor of a lucrative job in the private sector. 
The bureau thus entered the 1950s as the 
centerpiece of the clash between scientists 
and Congress during the anticommunist “Red 
Scare.” 


See also Loyalty; Patronage; Physics; Manhattan 
Project 
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National Science Foundation 

During World War II, the importance of sci- 
ence to national well-being was demon- 
strated by such marvels as penicillin, radar, 
and the atomic bomb. The head of the 
wartime Office of Scientific Research and 
Development (OSRD), Vannevar Bush 
(1890—1974), published a vision for postwar 
research in his Science—The Endless Frontier 
(1945). Bush argued for a national foundation 
that would support “basic” research, with no 
preconceived applications, as the capital for 
new technology. The foundation would act as 
a clearinghouse for all governmental scien- 
tific patronage. As the war ended, science 
found an enthusiastic patron in the U.S. mil- 
itary establishment, especially new bodies 
such as the Office of Naval Research (ONR) 
(founded in 1946). But no agency emerged 
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to funnel all research money to promote the 
health of the nation. Instead, scientists ap- 
plied for funds for various sources, primarily 
military ones. In 1949, for example, 96 per- 
cent of federal funding for university research 
in the physical sciences came from either the 
Atomic Energy Commission (AEC) or the 
Department of Defense. 

Concerns about military control of science 
convinced many scientists that a single fed- 
eral agency for science was necessary. How- 
ever, they disagreed about how it should be 
organized and who should control it. Senator 
Harley Kilgore (1893—1956) authored a bill 
making the president responsible for appoint- 
ing (or firing) the foundation’s director and 
making all discoveries and inventions the 
property of the government. Senator Warren 
Magnuson (1905—1989) introduced a com- 
peting bill that left patent policies to a board 
of governors and gave less control of the 
foundation to the president. He also wanted 
to put control in civilian hands, whereas 
Kilgore favored military dominance. Some 
debate centered around whether or not to 
include social sciences. Eventually a com- 
promise bill was passed, and President Harry 
Truman (1884—1972) promptly vetoed it in 
1947, primarily because it did not give the 
president enough power over the founda- 
tion’s director. 

When the National Science Foundation 
(NSF) finally was created in 1950, it was 
much weaker than scientists had hoped. For 
one, legislation limited its annual budget to 
$15 million, but appropriations were in fact 
much less. Other agencies, such as the Public 
Health Service, the AEC, and ONR, refused 
to concede control of scientific research to 
the foundation. Thus the original purpose of 
the foundation was defeated, because it did 
not become the single agency charged with 
equalizing the civilian and military aspects of 
science. Former ONR chief scientist Alan T. 
Waterman became the NSF’s first director, 
but he was unwilling to challenge the status 
quo by insisting that the Department of De- 
fense transfer its programs to the fledgling 


foundation. The delay in creating the Na- 
tional Science Foundation helped other agen- 
cies such as ONR and AEC establish their 
own credibility for supporting science and 
made a balance between civilian and military 
interests far less likely. 


See also Elitism; Office of Naval Research; 
Patronage 
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Nationalism 

Although science has a reputation for being 
above politics, science often was pursued in 
the interests of individual nations. Some ef- 
forts were aimed primarily at prestige, to 
connect scientific achievement to national 
greatness. This especially was true in oceanic 
and Antarctic expeditions. Americans were 
ecstatic, for example, when Robert Peary 
(1856-1920) was the first to reach the North 
Pole in 1909; Norwegians and British 
cheered Roald Amundsen (1872—1928) and 
Robert Scott (1868-1912), hoping that their 
national hero would reach the South Pole 
first (Amundsen did, in 1911). All such ex- 
peditions claimed to be scientific, but really 
they were aimed at national prestige. Science 
was a symbol of cultural sophistication and 
perhaps of technological achievement, and it 
became useful as something to showcase to 
other nations. For example, the German gov- 
ernment between the two world wars was 
forbidden to send its warships abroad. In- 
stead, it sent the scientific vessel Meteor to 
foreign ports, to show a German presence 
and advertise Germany’s cultural importance 
to other nations through science. 


One way that leading scientists showed 
their national pride was in nominating candi- 
dates for the Nobel Prize, the most presti- 
gious honor for a scientist, in Physics, Chem- 
istry, and Physiology or Medicine. Historical 
studies of the nominating process have re- 
vealed that scientists tended to recommend 
their own country’s most respected scientist 
rather than choose the most eminent scientist 
from any country. Those awarding the 
prizes, bodies composed of leading scientists 
in Sweden, were skeptical of nationalistic im- 
pulses and tended to choose candidates who 
received significant numbers of nominations 
from scientists outside their own countries. 

Scientists, like other citizens of any coun- 
try, could be patriotic. Their actions stood 
out, however, because of the supposed uni- 
versality of science; scientists’ activities were 
not supposed to be political. The most egre- 
gious breakdown of this attitude occurred 
during World War I, when scientists on both 
sides became very nationalistic. For example, 
many German intellectuals signed a mani- 
festo asserting their common cause in the 
war, claiming that accusations of Germany’s 
“militarism” were unjust. The 1914 Appeal 
to the Civilized World, or the Appeal of the 
Ninety-Three Intellectuals, as it was called, 
provoked unprecedented bitterness among 
the Allies not only against Germany, but also 
against its intellectual establishment. In- 
cluded among the signatories were Max 
Planck (1858—1947), Fritz Haber (1868— 
1934), Walther Nernst (1864—1941), and 
other leading scientists. Some, like Planck, 
later recanted, but many others refused to do 
so, believing that any harm they might have 
done had been repaid many times by the 
harsh treaty conditions against Germany at 
war’s end. Allied scientists condemned Ger- 
man scientists personally, not only during the 
war, but also afterward. The International 
Research Council, created at the end of the 
war, barred Germans from participation and 
was designed to isolate German scientists 
from the rest of the scientific community. 
That “international” body replaced the Inter- 
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national Association of Academies, which had 
been dominated by Germans. 

By the mid-1920s, the rivalries from the 
war began to subside, and the institutional 
barriers between scientists gradually de- 
creased. But the idea of “national” science did 
not. It resurfaced not merely as patriotism, 
but as a particular kind of science. As early as 
1920, Germans such as Paul Weyland 
(1888—1972) singled out Albert Einstein 
(1879-1955) for corrupting pure science 
with what amounted to scientific Dadaism (a 
postwar artistic movement that emphasized 
meaninglessness). Relativity, and later quan- 
tum mechanics, became symbols of a kind of 
theoretical science to which many Germans 
were hostile. In the 1930s, many experimen- 
tal physicists in Germany began to speak of 
“German physics” as distinct from degener- 
ate, “Jewish” physics. Philipp Lenard 
(1862-1947), who won the Nobel Prize in 
Physics in 1905 for his work on cathode rays, 
believed that only experimental physics (as 
opposed to theoretical) could lead to knowl- 
edge about the real world. Abstract theory, 
or reliance on mathematics, struck Lenard 
and his younger compatriot and fellow No- 
belist, Johannes Stark (1874—1957), as anti- 
German. This brand of nationalism was 
wrapped firmly in anti-Semitism. 

After World War II, nationalism in sci- 
ence took on new meaning because science 
no longer was considered primarily a cultural 
product. Although science and technology 
had been used for military purposes in the 
past, the role of the atomic bomb promised 
to bring about an elevated status for science. 
Americans used atomic bombs in war against 
Japan in 1945, and the Soviet Union unex- 
pectedly tested their own atomic device in 
1949, after an intensive scientific and indus- 
trial effort of which no other country thought 
it was capable. “American” science and 
“Soviet” science came to denote the separate 
research communities of the Cold War that 
often existed under a veil of secrecy, one 
strengthening the capitalist, democratic 
world, and the other trying to strengthen the 
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Communist world. Funds for science came 
increasingly from the governments of these 
two nations, primarily through their military 
establishments, as political leaders looked to 
science to build new weapons and define 
global strategy. Scientists were not just na- 
tionalistic but played a leading role in na- 
tional strength and security, finding a lasting 
place within what became known as the mil- 
itary-industrial complex. 


See also Cold War; International Research 
Council; Nazi Science; Nobel Prize; Oceanic 
Expeditions; Polar Expeditions; World War I; 
World War II 
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Nazi Science 

The German National Socialist Party, or the 
Nazis for short, incorporated a number of 
scientific ideas to bolster their racist agenda. 
The field of eugenics, born in Britain in the 
nineteenth century, seemed to suggest that 
populations could be improved or strength- 
ened through selective breeding. During the 
first decades of the twentieth century, eu- 
genicists lobbied their governments to take 
measures to discourage procreation among 
social undesirables, a term with flexible mean- 


ing. When the Nazis came to power in Ger- 
many in 1933, they sought to put such ideas 
into practice, purifying the Aryan race 
through legislative actions, many of them 
long sought by eugenicists in the United 
States and Britain. Among these laws were 
forced sterilization of those with mental re- 
tardation and ultimately the Nuremberg 
Laws (1935), which discriminated against 
Jews and forbade intermarriage between 
Aryans and Jews. 

Nazi racial theories had odd consequences 
in the realm of health. Many of the Nazis 
were hostile to smoking, drinking, or even 
eating meat. Purity of health went hand in 
hand with racial purity. Because of the ag- 
gressive anti-Semitic policies of the regime, 
leading to mass killings of Jews during World 
War II, it is easy to overlook the public health 
measures taken by the Nazis. They conducted 
surveys and compiled data intending to assess 
the causes of cancer and to eliminate it from 
their society, leading to policies restricting 
carcinogens and overexposure to X-rays, as 
well as a major public campaign against 
smoking. Because educated Jews were fired 
in great numbers during the 1930s, the scien- 
tific establishment lost its ability to focus on 
curing diseases such as cancer. This forced 
the government to concentrate on public 
health measures for prevention. None of 
these policies aimed to improve the health of 
society as a whole; rather, they were part of 
a broad campaign to improve the vigor of the 
Aryan race. 

Despite its respect for science, the Nazi 
Party crippled its own scientific community 
through its anti-Semitism. Although some 
fields prospered under the Nazis, particu- 
larly biology, physics literally fell apart. 
Jews in academic fields lost their positions 
after 1933, initiating a massive intellectual 
migration from Germany, Austria, and 
Italy, to Britain and the United States. Such 
leading minds as Albert Einstein 
(1879—1955), Enrico Fermi (1901—1954), 
Niels Bohr (1885—1962), Erwin Schrö- 
dinger (1887— 1961), and many others 


found homes elsewhere. One of those who 
remained, Max Planck (1858—1947), tried 
to use his leadership position in the Kaiser 
Wilhelm Society to protect his Jewish col- 
leagues when possible. But even among 
leading scientists there was no unity of opin- 
ion. Physicists Johannes Stark (1874-1957) 
and Philipp Lenard (1862—1947), for exam- 
ple, criticized theoretical physics as “Jewish 
physics.” Its focus on abstract, intangible 
ideas struck them as a corruption of the true 
nature of positivist, experiment-based sci- 
ence. They equated experimental physics 
with “German physics” and demanded that 
Jewish influences be uprooted. Thus even 
non-Jews such as Planck and Werner 
Heisenberg (1901-1976) were targeted as 
practitioners of Jewish science. 

One of the most controversial aspects of 
Nazi science was its wartime work. Rocket 
scientists such as Wernher Von Braun 
(1912-1977) developed long-range rockets 
to deliver bombs to their targets without the 
need for bomber aircraft. The first such 
rocket successfully used was the V-2, which 
was launched against London in 1944. ULS. 
and Soviet armies were pleased to capitalize 
on Nazi accomplishments in this field, and 
they captured rocket scientists for their 
countries’ own purposes. Von Braun, for ex- 
ample, went on to play a leading role in the 
U.S. space program. In addition, German 
physicists were charged with developing an 
atomic bomb. One of the principal founders 
of quantum mechanics, Werner Heisenberg, 
led this project. It was controversial because 
Heisenberg later claimed that he had pur- 
posefully slowed the project, never truly 
wanting Adolf Hitler (1889-1945) to have 
the bomb. But based on transcripts from se- 
cret recordings of Heisenberg after he and his 
colleagues were captured toward the end of 
the war, some historians have argued that 
Heisenberg’s team simply never found a 
workable method to develop the weapon, 
despite sincere efforts to do so. 

In the medical profession, Jews also were 
persecuted and pushed out. Those who re- 
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One of the most controversial aspects of Nazi science was its 


wartime work. Rocket scientists such as Wernher Von Braun 
(pictured here) developed long-range rockets to deliver 
bombs to their targets without the need for bomber aircraft. 
The first such rocket successfully used was the V-2, which 
was launched against London in 1944. (Library of 
Congress) 


mained presided over involuntary steriliza- 
tion of a host of undesired individuals and eu- 
thanasia (medical killing) of asylum inmates. 
Psychiatrists played an active role in justify- 
ing such practices on scientific grounds. Jews 
in institutions were killed regardless of their 
specific condition, requiring no special justi- 
fication. After the war began, concentration 
camps such as Auschwitz (in Poland) became 
the sites of a more generalized policy of 
genocide. Doctors continued to play a role, 
selecting healthy new arrivals at the camps 
and separating them for work duty, and tak- 
ing part in human experimentation. Physi- 
cians forged bonds with the Nazi leadership 
in great numbers, nearly half of them becom- 
ing party members at some time during the 
Nazi regime. 
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Nobel Prize 

In the twentieth century, scientists could re- 
ceive no higher recognition for their accom- 
plishments than winning the Nobel Prize. Ac- 
tually there were five categories for the prize, 
of which three were scientific: physics, chem- 
istry, and physiology or medicine. The other 
two were literature and peace. The prize was 
named after Alfred Nobel (1833-1896), the 
Swede who invented dynamite and patented 
it in 1867. His companies manufactured and 
sold explosives for decades, and he died a very 
wealthy man in 1896. In his will, he stipulated 
that large sums of his money should be set 
aside, and that the interest should be awarded 
each year to individuals who had made signif- 
icant contributions in the above categories. 
After some legal wrangling, the Nobel Foun- 
dation was created in 1900 to manage Nobel’s 
assets, and various Swedish institutions had 
the task of deciding the prize recipients. In 


physics and chemistry, this responsibility fell 
to the Royal Swedish Academy of Sciences, 
and the Royal Caroline Medico-Surgical Insti- 
tute chose the winners in physiology or med- 
icine. The first prizes were awarded in 1901. 

Nobel stipulated that country of origin 
should not be a factor in deciding who re- 
ceived the prizes. Initially, some Swedish sci- 
entists decried this as unpatriotic (why should 
the Swedish Academy go out of its way to se- 
lect and honor foreign scientists?) But even- 
tually the Nobel Prizes became symbols of 
science’s internationalism. However, nomi- 
nations for the prize were certainly subject to 
nationalist impulses. In her study of the 
Nobel candidates and nominators in chem- 
istry and physics, Elisabeth Crawford notes 
how much World War I dampened senti- 
ments of scientific internationalism. The 
postwar years saw an increase in nominators 
choosing candidates from their own coun- 
tries, especially in Britain, Germany, and the 
United States. French scientists also tended 
to nominate their own, but that was so even 
prior to the war. Between 1916 and 1920, 
less than 2 percent of the nominators selected 
scientists from enemy (or former enemy) 
countries. The national bias continued, al- 
though on a less drastic scale, after the war, 
especially in chemistry, a field in which the 
German chemical warfare specialist Fritz 
Haber (1868—1934) won in 1918, much to 
the dismay of scientists in Allied countries. In 
physics, nationalism was less a factor, be- 
cause Germany had a candidate who appealed 
to scientists in all countries, the pacifist Al- 
bert Einstein (1879—1955), who received the 
prize in 1921. 

While nominating practices reveal quite a 
bit about nationalism and internationalism in 
science, a cursory glance at the actual 
prizewinners also reveals a severe imbalance 
of gender. One of the famous cases of a 
woman who should have won, but did not, 
was that of Lise Meitner (1878—1968). 
Meitner was conspicuously missing from 
Otto Hahn’s (1879—1968) 1944 Nobel Prize 
in Chemistry for the discovery of nuclear 


fission, a product of Hahn and Meitner’s long- 
time collaboration. But even leaving aside that 
specific case, the Nobel Prizes are symbols 
not only of excellence, but also of elitism and 
inequity. The small number of women recip- 
ients highlights the exclusionary character of 
scientific activity in the first half of the twen- 
tieth century. Most of the Nobel Prize— 
winning women have received their awards in 
either literature or peace. Science is another 
story. Between 1901 and 1950, only Marie 
Curie (1867— 1934) won a prize in physics 
(1903), and she shared it with two men: 
Henri Becquerel (1852—1908) received one- 
half, and Marie Curie and her husband, Pierre 
Curie (1859—1906), each received one- 
quarter. In chemistry, Marie Curie won 
another prize (1911), this time her own. She 
was the only woman in the first half of the 
twentieth century to win a whole prize, not 
splitting it with someone else. Marie’s daugh- 
ter, Irène Joliot-Curie (1897—1956), also won 
in chemistry (1935), splitting it equally with 
her husband, Frédéric Joliot (1900— 1958). 
No non-Curie woman won a prize in physics 
or chemistry during the first half of the cen- 
tury. In physiology or medicine, Gerty Cori 
(1896-1957) won in 1947, but she shared the 
prize with her husband, Carl Cori, who re- 
ceived one-quarter, and Bernardo Houssay 
(1887-1971), who received one-half. She re- 
ceived one-quarter of the prize for herself. 
Tallying up whole, one-half, and one-quarter 
prizes, the total number of Nobel Prizes in the 
sciences for women between 1900 and 1950 
was two. Subtracting those awarded to Marie 
Curie, the total was three-quarters. 


See also Arrhenius, Svante; Elitism; Women 
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Nutrition 
Nutrition is the process by which living or- 
ganisms use food for growth and energy. 
Knowledge of human nutrition and its effects 
was rather limited prior to the twentieth cen- 
tury. The industrial revolution of the nine- 
teenth century demonstrated that physical at- 
tributes such as height could not be 
attributed to heredity alone. Working-class 
people’s dietary makeup differed markedly 
from that of the wealthier classes, and their 
body sizes reflected it. When young men 
signed up for military service for the Great 
War in 1914, governments were embar- 
rassed to find many of the recruits failing 
some of the basic medical requirements. 
They had to conclude that malnutrition was 
to blame. 

Around 1900, the study of nutrition (or 
more commonly during that era, “metabo- 
lism”) emphasized how carbohydrates, fats, 





Scurvy victim. In the early twentieth century, some of the 


most common diseases such as rickets and scurvy were 
attributed to deficiencies in diet, and malnutrition appeared 
linked to a host of other ailments, diseases, infections, and 


general poor health. (National Library of Medicine) 
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and proteins contributed to energy. Some of 
the most common diseases such as rickets and 
scurvy were attributed to deficiencies in diet, 
and malnutrition appeared linked to a host of 
other ailments, diseases, infections, and gen- 
eral poor health. In Britain, these connec- 
tions were taken very seriously, and before 
World War I the government allocated funds 
for medical research, leading researcher Ed- 
ward Mellanby (1884—1955) to conclude 
that rickets was the result of a vitamin defi- 
ciency. Rickets, which often caused pelvic 
deformities in women, increased the likeli- 
hood of death during childbirth. The British 
studies before and after the war, which 
demonstrated the ability to cure rickets by 
making up for the deficiency with butter or 
cod-liver oil, seemed to point to nutrition 
studies as the road to curing many diseases. It 
also revealed that most people, particularly 
the poor ones, satiated themselves primarily 
with foods rich in carbohydrates and often 
neglected the vitamin-rich foods such as 
milk, fruits, vegetables, and meat. 

Studies in the 1920s affirmed the relation- 
ship between vitamin-rich foods and strong, 
healthy bodies. Research showed that boys 
drinking extra milk each day grew heavier 
and taller. Britain’s Medical Research Coun- 
cil attempted to educate the public about the 
minimum food requirements and about 
methods for ensuring that foods were cooked 
properly to avoid losing the benefits. But as 
scholar Madeleine Mayhew has argued, these 
efforts proved controversial in government 
by the 1930s, as they made explicit reference 
to the minimum cost of staying healthy. That 
cost, some government officials feared, 
would be higher than many working-class 
people could afford, and the official “mini- 
mum” could be used as a tool by some to in- 
sist on better wages and handouts from the 
government. Nutrition, it seemed, had po- 
tentially disastrous political consequences. 

Some of what was known about nutrition 


deficiencies came from observations in colo- 
nial regions. Studies of African nutrition 
began as investigations of livestock, but soon 
British scientists took an interest in the com- 
parative nutrition of human tribes. A study 
begun in 1926 by John Boyd Orr 
(1880-1971) and John Langton Gilks com- 
pared, for example, an agricultural tribe to a 
pastoral tribe in Kenya. They concluded that 
the pastoral tribe, subsisting on meat and 
milk, was far better off than the tribe de- 
pending on only vegetables for sustenance. 
This emphasis on protein by investigators was 
not uncommon. In 1931, an English physi- 
cian in West Africa identified the disease 
kwashiorkor as the result of a lack of suffi- 
cient protein. In this case, physicians and 
local inhabitants searched for other sources 
to make up for the deficiency, concluding 
that foods such as fish and soybeans could add 
the needed protein to the human diet. By 
mid-century, the lack of protein sources was 
credited for most of the world’s nutrition 
shortfalls by scientists and international agen- 
cies. Other causes, such as insufficient caloric 
consumption, were recognized in the 1960s 
as a major contributor to malnutrition in 
many areas of the world. 
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Oceanic Expeditions 

The nineteenth century saw some of the 
most ambitious oceanic voyages, such as 
Britain’s worldwide Challenger expedition. 
In the early twentieth century, funds for 
such expeditions were scarce. Harvard Uni- 
versity’s Alexander Agassiz financed many 
of his own oceanic expeditions, taking the 
ship Albatross to the Atlantic and Pacific 
Oceans in the late nineteenth and early 
twentieth centuries. But deep-sea expedi- 
tions were rare, and their existence usually 
was tied to some economic need, especially 
fishing and whaling. 

The need to develop fisheries spurred 
some expeditions, particularly ones that tar- 
geted specific areas. At the turn of the cen- 
tury, countries of northern Europe such as 
Britain, Germany, and Norway pooled re- 
sources to found the International Council 
(later the International Council for the Ex- 
ploration of the Sea), a body of ocean re- 
searchers who sought to help illuminate the 
commercial problem of fisheries, especially 
in the North Sea. Individual countries were 
responsible for funding their own ships, but 
their cruises at sea were closely coordinated, 
to provide a coherent and useful picture of 
entire regions. Similarly, in 1912, Harvard 
zoologist Henry Bryant Bigelow (1879— 


1967) initiated a twelve-year intensive inves- 
tigation of the Gulf of Maine. The work was 
supported by the United States Bureau of 
Fisheries, which believed that Bigelow’s ex- 
peditions might, by shedding light on the 
physical and biological characteristics of the 
sea in that region, help to enhance the ability 
to exploit the sea for fish. His work began to 
appear in print in the 1920s, establishing fun- 
damental ideas not only about fish but, more 
generally, about the circulation of currents. 
He later became the first director of the 
Woods Hole Oceanographic Institution in 
Massachusetts. Although long-range oceanic 
voyages did not come to an end during these 
years, scientists were learning the value of in- 
tensive area studies, particularly because of 
the opportunity to acquire funding from 
commercial or government sources. 
Deep-sea oceanic expeditions were fi- 
nanced for several reasons, some scientific and 
some economic. In 1925, Britain commis- 
sioned the vessel Discovery to begin deep-sea 
studies of whales and other commercially im- 
portant resources. But the Discovery also con- 
ducted more general scientific work, in the 
tradition of the Challenger expedition of the 
previous century. Its 1925-1927 expedition 
targeted areas near Antarctica, specifically in 
the Falkland Islands area off South America; it 
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surveyed these fertile whaling areas to under- 
stand local plankton populations and the prop- 
erties of water masses and currents. The ship 
was replaced in 1929 by a converted 
steamship, the Discovery II, whose longer range 
helped British scientists to broaden the scope 
of the work, to better comprehend wide-rang- 
ing migration patterns of whales, as well as 
large-scale oceanic processes. Throughout 
these expeditions, the British worked through 
a long-term Discovery Committee that 
planned and coordinated oceanic expeditions 
for the sake of science and national economic 
interests in the deep ocean. 

Conducting oceanic expeditions also was a 
way to bring prestige to one’s country. In 
1933-1934, an Egyptian fishing vessel spon- 
sored by the wealthy Englishman Sir John 
Murray, the Mabahiss, steamed throughout 
the Indian Ocean, making observations at 
more than 200 stations. Aboard the ship 
were British and Egyptian scientists and crew 
members, and the expedition stimulated re- 
spect for Egyptian science and fostered the 
growth of oceanography in Egypt (these ef- 
forts, unfortunately, were curtailed by eco- 
nomic troubles during the Depression and 
wartime conditions in nearby Ethiopia). Ger- 
many also used expeditions to promote itself 
during these years; forbidden by the Treaty 
of Versailles to send naval vessels abroad, 
Germany sent the Meteor on a scientific voy- 
age instead, to demonstrate the country’s sci- 
entific prowess. Oceanic expeditions were 
international as well. The Second Interna- 
tional Polar Year (IPY) was organized by sci- 
entists of several nations, to take place in 
1932-1933. These joint investigations were 
facilitated by advances in radio communica- 
tion, and they produced considerable data 
about the continent itself and the surround- 
ing ocean. Many of the results, however, re- 
mained underutilized for many years, even 
beyond World War II, calling attention to 
the fact that expensive expeditions might 
have limited scientific value. 


See also International Cooperation; Nationalism; 


Oceanography; Polar Expeditions 
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Oceanography 

Oceanography has been, if nothing else, a 
very expensive pursuit throughout its his- 
tory, requiring not merely a working space in 
an institution but usually a ship, well- 
equipped and sufficiently provisioned to 
make oceanic voyages. It should come as no 
surprise that oceanography flourished most 
when its practitioners managed to convince 
rich patrons that it was worth doing. Al- 
though some oceanographers enjoyed the 
support of private philanthropic foundations, 
most of the large-scale efforts in oceanogra- 
phy were sponsored by organizations tied ei- 
ther to commercial fisheries or to national 
navies. Oceanography in the twentieth cen- 
tury was connected to both, and support for 
it exploded after World War II, when its mil- 
itary implications became abundantly clear to 
the United States Navy. 

At the turn of the twentieth century, 
knowledge of oceanography was rudimen- 
tary and organizations devoted solely to it 
were scarce. The British Challenger expedi- 
tion, 1873—1876, was the first circumnavi- 
gation of the world by a ship with a primarily 
scientific purpose, making hundreds of “sta- 
tions” throughout the world. A station was 
the name given to efforts to conduct a series 


Oceanography 229 





Aerial View of the Woods Hole Oceanographic Institute. (Bettmann/ Corbis) 


of observations in any given spot; such ob- 
servations included depth, bottom water 
sampling, fauna collection, and other activi- 
ties. But such expeditions were rare, as they 
required a great deal of money and political 
support. Most efforts were confined to local 
waters. After World War I, several coun- 
tries mounted expeditions for scientific and 
political reasons (such voyages were a meas- 
ure of prestige); for example, Britain sent 
the Discovery II, Germany sent the Meteor, and 
the United States sent the Atlantis to various 
waters and ports. The Atlantis was managed 
by Henry Bryant Bigelow (1879-1967), the 
first director of the Woods Hole Oceano- 
graphic Institution, in Massachusetts, 
founded in 1930. The Atlantis became that 
institution’s primary instrument for con- 
ducting intensive, long-term, yet geographi- 


cally confined, area studies, which Bigelow 
believed would yield more useful informa- 
tion (for science and especially for fisheries) 
than long-range expeditions. 

The limitations imposed on scientists be- 
cause of high costs, and the fact that its object 
of study existed outside national borders and 
often entailed hostile environments, made 
oceanography well suited to international co- 
operation. The International Council (later 
called the International Council for the Ex- 
ploration of the Sea) was founded in 1902, by 
countries in northern Europe, such as Great 
Britain and Norway, that had a great interest 
in improving the efficiency of commercial 
fisheries. Providing regional regulatory ef- 
forts with sound scientific principles was one 
of its primary goals. Countries bordering on 
the Pacific Ocean also tried to combine their 
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efforts, meeting in a series of conferences or- 
ganized by the Pacific Science Association, 
beginning in the 1920s. 

Oceanography in general was dominated 
by biological and dynamical oceanography. 
One traditional biological pursuit was com- 
parative marine zoology, often the most pro- 
ductive pursuit for those lacking access to 
ships or resources. As for dynamical 
oceanography, the work of the Norwegian 
Vilhelm Bjerknes (1862—1951) on atmos- 
pheric dynamics inspired oceanographers to 
apply his principles to the sea, in order to un- 
derstand the motions of currents and the re- 
lationships between water masses. Plankton 
studies combined biology with dynamical 
oceanography. They also promised to help 
with fisheries, thus contributing to the health 
of a nation’s economy. Plankton became a 
major focus of research at the Plymouth Lab- 
oratory in Britain and at Woods Hole in the 
United States, both of which used chemical 
methods to comprehend the nutrient cycles 
of these sea organisms that were the key food 
source for so many ocean animals. Thus by 
the 1920s, oceanography was an interdiscipli- 
nary pursuit, combining principles drawn 
from chemistry, biology, and physics, and in- 
creasingly its practitioners fell under the in- 
fluence of ecological approaches that empha- 
sized a systemic approach to scientific 
problems. 

During the 1930s and especially during 
World War II, oceanography’s focus turned 
increasingly toward military interests. This 
was due largely to advances in understanding 
the propagation of sound in the sea, from ex- 
periments made by the American W. Mau- 
rice Ewing and others with explosives. Such 
studies had enormous ramifications for un- 
dersea warfare, particularly as the navies of 
the world relied on submarine vessels in 
times of war. Submarine detection had great 
military value, and thus the military became 
an important patron for oceanographers. 
ULS. and British oceanographers played cru- 
cial roles also in general weather forecasting 
for ships at sea and in planning amphibious 


troop landings, such as the D-day invasion of 
Normandy on 6 June 1944. U.S. scientists 
learned the value of oceanographic studies 
the hard way, after ignorance of tide condi- 
tions contributed to the death and wounding 
of thousands of U.S. marines attacking Pacific 
islands. 

After World War II, the field of oceanog- 
raphy expanded dramatically. The field was 
no longer so small that most researchers 
knew each other fairly well. Government 
agencies such as the Office of Naval Research 
(in the United States) provided unprece- 
dented levels of funding for sciences across 
numerous disciplines—the one most likely to 
provide information about the Navy’s work- 
place, oceanography, received a great deal of 
money. U.S. institutions such as the Scripps 
Institution of Oceanography (founded in 
1903) and Woods Hole both benefited hand- 
ily from this, as did other universities and 
several corporate laboratories. Oceanogra- 
phers in Europe and the United States began 
to conceptualize deep-sea expeditions to use 
recently developed instruments. For exam- 
ple, the Swedish Deep-Sea Expedition 
1947-1948 used the sediment corer devel- 
oped by the Swede Borje Kullenberg. British 
oceanographers tried in vain to mount a long- 
range oceanographic expedition, but the days 
of northern European dominance in oceanog- 
raphy had ended, and the United States began 
to fund studies of the deep sea in earnest. The 
United States launched its Mid-Pacific expe- 
dition in 1950, and many more similar voy- 
ages would follow. These studies yielded im- 
portant information about the seafloor that 
led to the development of plate tectonics in 
subsequent years. In addition to enjoying 
greater patronage, oceanography increasingly 
was defined more broadly, focused less ex- 
clusively on dynamical or biological oceanog- 
raphy and taking in studies of geophysics, ma- 
rine geology, and magnetism. 


See also Bjerknes, Vilhelm; Cold War; Oceanic 
Expeditions; Patronage; Sverdrup, Harald; 
World War II 
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Office of Naval Research 

The Office of Naval Research (ONR), cre- 
ated in the United States in 1946, considered 
itself to be a very sophisticated part of the 
armed services. Informed by the vision of sci- 
ence set forth in Vannevar Bush’s (1890— 
1974) wartime report, Science—The Endless 
Frontier, ONR scientists supported the notion 
that the strength of the nation depended at 
least as much on generous support of basic 
research as on applied research or engineer- 
ing. Its reputation to this effect goes back to 
its first few years, before the creation of the 
National Science Foundation in 1950, when 
it was the leading government agency 
actively promoting basic research. 

Why did ONR, part of the United States 
Navy, fund basic research after World War 
II? One might say that it was the first to rec- 
ognize the relationship between scientific 
strength and national security, and it embed- 
ded this concept into its own military mis- 
sion. It accepted Bush’s notion that basic re- 
search is the capital with which others would 
build new technology. Although there is 
some truth to this interpretation, the Navy 
was no great supporter of science before the 
creation of ONR. In his book about ONR, 
Harvey Sapolsky calls its generosity a “bu- 
reaucratic accident” resulting from the early 
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retirement of its first director and the subse- 
quent purposelessness of the agency. 

ONR’s creation was born from wartime 
experience. Admiral Julius A. Furer, the 
naval member of the Office of Scientific Re- 
search and Development (OSRD), had estab- 
lished connections with scientists through his 
staff of science Ph.D.s. These “Bird Dogs,” as 
they called themselves, acted as the liaison 
between the Navy and the scientific commu- 
nity; consequently, they were the people 
most capable of turning scientific knowledge 
into military technology. They wanted a 
postwar agency to find and give money to re- 
searchers, civilian and military, who might 
produce the research to develop new 
weapons in the coming years. Their advocacy 
convinced the Navy and Congress to create 
the office in 1946. But ONR’s first director, 
Admiral Harold G. Bowen, saw ONR prima- 
rily as an opportunity to steal nuclear scien- 
tists from the Army’s Manhattan Project, to 
facilitate the development of a nuclear navy. 
Ultimately, ONR scientists did much more, 
turning the office into a generous funding 
agency for pure science, an anomaly that 
went unchecked by the Navy’s top brass until 
war erupted in Korea in 1950 and tight budg- 
ets forced ONR to economize. 

ONR’s activities and unapologetic finan- 
cial support for civilian scientists in U.S. uni- 
versities raised many eyebrows. Newsweek 
called the Navy “the Santa Claus of basic 
physical science.” ONR scientists had un- 
precedented freedom to award money and 
they did so as if they were philanthropists 
rather than military officials. Its support was 
not limited to nuclear physics. Other fields 
included electronics, chemistry, computing, 
and all kinds of oceanographic research. The 
science it funded did not need to be related 
to weapons research. The Army soon imi- 
tated the Navy, leading some to wonder if 
the military would dominate and control the 
country’s scientific activities. Vannevar Bush 
did not oppose military funding, but he 
hoped that his 1945 report would lead to a 


civilian-controlled science foundation, not a 
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free-for-all of military sponsorship. ONR 
saw no need to stop supporting research 
while legislation for such a foundation stalled 
in Congress for half a decade. Still, some sci- 
entists refused to accept ONR’s money; 
these and others rejoiced when the National 
Science Foundation finally came into being in 
1950. However, it was no victory for civilian 
control, because ONR continued to support 
scientific research on a massive scale. 


See also Cold War; National Science Foundation; 
Patronage 
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Oort, Jan Hendrik 
(b. Franeker, Netherlands, 1900; d. Leiden, 
Netherlands, 1992) 

Jan Hendrik Oort claimed to have been 
captivated at the age of seventeen by the lec- 
tures of the eminent Dutch astronomer Ja- 
cobus Kapteyn (1851—1922). Deciding to 
pursue astronomy at a more advanced level, 
Oort became one of Kapteyn’s last students 
at the University of Groningen. Oort’s early 
career in the 1920s focused on the velocity 
distribution of high-velocity stars. In 1927 he 
added the observational evidence for Bertil 
Lindblad’s (1895—1965) hypothesis that the 
galaxy was rotating. Oort did so by measur- 
ing the radial velocities of stars, the results of 
which suggested that our galactic system was 
indeed in differential rotation. Oort was ac- 
tive in bringing Dutch astronomy firmly into 
the era of radio astronomy, and he played a 
major role in the production of the first radio 
maps of the galaxy. 

One of the results of Oort’s work in the 
1920s was his recognition that the galaxy 
must be much more massive than previously 
believed if it were to have the gravitational 
power it seemed to have. In other words, 
there must be a great deal of matter in the 


galaxy that cannot be seen, amounting per- 
haps to as much as two hundred times the 
mass of the visible stars. This premise pro- 
voked the idea of “dark matter.” But where is 
the missing mass? Some of it took the form of 
dust and small particles, but soon as- 
tronomers concluded that some stars of low 
mass and low luminosity cannot be seen, and 
there are stars of such great mass that even 
light cannot escape their gravitational effects. 
In 1932, Oort calculated a value for the den- 
sity of space, at roughly one solar mass for 
every ten cubic parsecs (a parsec, the unit of 
computing distances between stars, is the dis- 
tance light travels in 3.26 years). This be- 
came known as the Oort limit, and Oort be- 
lieved that much of the density was made up 
of invisible stars and gas. 

Oort became interested in comets from 
one of his graduate students, and he made one 
of his best-known contributions on this topic 
in 1950. He proposed that long-period 
comets originate in a reservoir of debris at the 
far reaches of the solar system. Comets of 
long periods appeared to be subject to pertur- 
bation by planets. Oort reasoned that if this 
were so, the orbits of these long-period 
comets should have been altered long ago. 
Thus, he concluded that the long-period 
comets in fact were entering the solar system 
for the first time, rather than simply repeating 
a cycle in a long-standing orbit. Because these 
long-period comets did not appear to origi- 
nate from any particular place, he posited the 
existence of a vast cloud of debris just beyond 
the solar system. This swarm of comets be- 
came known as the Oort Cloud. The cloud 
moves, according to Oort, in elliptical orbits 
around the solar system, but at far greater dis- 
tances from the sun than planets, ranging 
from 6 trillion to 21 trillion kilometers. The 
cloud is subject to significant influence not 
only by the sun, but also by other stars. 

In the 1930s, Oort was the Netherlands’ 
rising star in astronomy, and he became the 
director of the Leiden Observatory, a post he 
held until his death in 1992. He took a lead- 
ing role in the International Astronomical 


Professor Jan H. Oort reads research papers in his backyard. 


He sits next to a sundial shaped like the Westerbork radio 
telescope, a gift from the staff of the University of Leiden on 
his 70th birthday. (Jonathan Blair / Corbis) 


Union, becoming its general secretary in 
1935 (in the late 1950s, he served as the 
president). In the years following World 
War II, he advocated international collabora- 
tion among observatories. Much of his later 
career was devoted to capitalizing on new ad- 
vances in radio astronomy, and trying to de- 
termine distances to high-velocity clouds. 


See also Astronomical Observatories; 
Astrophysics; Kapteyn, Jacobus 
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Origin of Life 
In the eighteenth and nineteenth centuries, 
the debate about life’s origins could be 
viewed as a conflict between vitalists and 
mechanists. The vitalists insisted on a special 
life-giving force or substance that provides 
life to an otherwise mechanical organism, 
whereas mechanists reduced all processes— 
including life itself—to mechanical action. 
Toward the end of the nineteenth century, 
Charles Darwin’s (1809—1882) publications 
on evolution by means of natural selection 
showed organisms developing as a process, 
provoking questions about the fundamental 
beginning of life in the expanse of time. One 
of the central questions was of spontaneous 
generation: Can life arise from inorganic 
matter without the action or presence of 
some kind of preexisting living organism? 
French scientist Louis Pasteur (1822—1895) 
answered this authoritatively, conducting ex- 
periments with liquids in carefully prepared 
tubes that suggested that spontaneous gener- 
ation did not occur. German scientist Rudolf 
Virchow (1821—1902) concurred, claiming 
that all cells come from preexisting cells. 
The spontaneous generation question was 
raised again in the early twentieth century, 
but couched in terms of trying to discern the 
origin of life. Because the prevailing theory of 
life was based on continuity, from one cell to 
another (as opposed to spontaneous genera- 
tion), renowned Swedish chemist Svante Ar- 
rhenius (1859—1927) postulated that the 
earth had been “seeded” somehow by some 
Others 
came to believe that, although continuity of 


unknown extraterrestrial source. 


cells was crucial, there was some point in the 
distant past when nonlife became life. British 
biologist J. B. S. Haldane (1892—1964) ob- 
served in 1923 that life could have originated 
in a virus that developed from organic chem- 
icals. He and Russian biologist Aleksandr 
Oparin (1894—1980), who initially believed 
that the first living cell came from an acci- 
dental combination of particles in suspen- 
sion, both still preserved the notion of spon- 
taneous generation, long after it supposedly 
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had been discredited by experimenters such 
as Pasteur. 

The most comprehensive account of the 
origins of life in the first half of the twentieth 
century was written by Oparin in 1936. Un- 
like his earlier work, Oparin now proposed a 
theory that did not rely on spontaneous gen- 
eration, but rather emphasized biochemical 
continuity. Oparin assumed that the earth 
was once a very hot mass of liquid and that its 
surface cooled and formed complex mole- 
cules under the influence of ultraviolet light. 
In this view he borrowed considerably from 
Haldane. These molecules increased in num- 
ber and, owing to Darwinian natural selec- 
tion, some survived at the expense of others, 
encouraging complexity. Oparin’s innova- 
tion was in seeing natural selection operating 
on “nonliving” substances; even molecules 
that could not be considered organisms were 
subject to Darwinian rules. For Oparin, evo- 
lution as a whole could be considered in 
terms of biochemical complexity. Primitive 
cells were formed from these molecules, and 
complexity typically involved a change in 
biochemical processes, particularly in metab- 
olism. Even in the most complex forms, 
Oparin reasoned, changes in the metabolism 
of matter and energy were the guideposts for 
true change. 

Oparin’s views were not universally well 
received. For example, critics noted that 
Darwinian evolution does not always lead to 


greater complexity, which Oparin seemed 
to suggest. In addition, laboratory experi- 
ments on droplets of molecules, like those 
described by Oparin, did not entirely sup- 
port his theory. Some geneticists criticized 
him for allowing Marxist ideas, which also 
emphasized progressive evolution over 
time, to influence and thus pollute his the- 
ory. But unlike his compatriot Trofim 
Lysenko (1898—1976), who was reviled 
outside of the Soviet Union for crippling 
genetics in his country, Oparin was gener- 
ally praised even by non-Russians for pro- 
viding a persuasive and unique possible 
explanation of the origins of life. His con- 
cept that life evolved from complex mole- 
cules, giving rise to tiny organic beings, had 
considerable influence in Europe and North 
America into the 1950s. 


See also Arrhenius, Svante; Cosmology; 
Evolution; Soviet Science 
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Patronage 
Before the twentieth century, science was 
traditionally a pursuit for the philosophically 
minded rich. Large-scale projects or labora- 
tories, however, depended on patronage— 
financial support by wealthy philanthropists, 
by corporations, or by governments. One of 
the principal ways in which governments 
funded research during the nineteenth cen- 
tury was through geological surveys and 
coast surveys, which promised not only to 
help resolve territorial disputes, but also 
aided in the economic exploitation of the 
countryside. In general, however, the same 
laissez-faire attitude adopted by govern- 
ments toward industry was transferred to 
governmental relations with scientists and 
their laboratories. Gradual increases in pa- 
tronage, first by private foundations and in- 
dustry, and eventually by governments, re- 
sulted in the most well-funded scientific 
communities in history by mid-century. 
Most patronage for science before World 
War I came from private individuals or or- 
ganizations. Wealthy entrepreneurs and their 
heirs, particularly in the United States, took 
an active role in funding science. Two of the 
primary supporters of natural science were 
the Rockefeller Foundation and the Carnegie 
Corporation. The Carnegie Institution of 


Washington, founded in 1902, was an early 
example of an effort to make such support on 
a significant scale. Yet already some of the se- 
rious difficulties with patronage emerged, 
such as the freedom of scientists to pursue 
the kinds of problems that they deemed im- 
portant (rather than subjecting their research 
agendas to manipulation by the sponsor). 
Patronage on a large scale came from in- 
dustry as well. In the United States, corpora- 
tions such as AT&T sponsored physical labora- 
tories in order to establish and develop 
patents. German industries, particularly 
strong in the development and production of 
dyes, also were important patrons of science 
in the field of chemistry. The pharmaceutical 
industry was another important patron of sci- 
entific research in both Europe and North 
America in the interwar years and after. Gov- 
ernments occasionally promoted such connec- 
tions among science and the national economy 
and public health. For example, the British 
government took steps to provide the country 
with a technically savvy workforce to help 
them compete with continental Europeans, by 
founding the Imperial College of Science and 
Technology in 1907. It already had founded 
the National Physical Laboratory (1899), and 
it formed the Medical Research Committee 
(later Medical Research Council) in 1912. 
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World War I ushered in a new phase in 
government relations with scientists, but this 
did not always translate into patronage. In- 
stead, most recognized the need for in- 
creased coordination, so that scientists could 
contribute more efficiently to the war effort. 
Britain’s Department of Scientific and Indus- 
trial Research was founded in 1922 to ensure 
proper coordination and funding of research 
in strategically important industries. In the 
United States, astronomer George Ellery 
Hale (1868—1938) convinced President 
Woodrow Wilson (1856—1924) to form the 
National Research Council to coordinate and 
deploy scientists to serve national needs. Be- 
cause most of the leading chemists before the 
war had been Germans, and Germany was 
the first to develop and use chemical 
weapons, most observers believed that Allied 
governments had been remiss before the war 
and that steps should to be taken to encour- 
age the growth of scientific brainpower in 
their own countries. 

Science philanthropy continued in the in- 
terwar years, especially through the efforts of 
the Rockefeller Foundation. Two of its most 
active arms, the General Education Board and 
the International Education Board, were led 
by Wickliffe Rose (1862—1931) in the 1920s. 
He ensured that research projects were both 
“pure” and practical; for example, although 
the foundation wished to support the areas of 
science in need of development, it also hoped 
to use science to eradicate some of the main 
agents of disease in the world. As such, a great 
deal of its focus was upon public health and 
sanitation research. Like most organizations, 
the Rockefeller Foundation had to tighten its 
belt considerably during the Depressions 
years of the 1930s, because of financial con- 
straints. Under the leadership of Rose’s suc- 
cessor, Warren Weaver (1894—1978), the 
Rockefeller Foundation still continued to be a 
significant patron of research, but it focused 
its mission on the biological sciences. 

The highly technical military projects of 
World War II convinced governments, par- 
ticularly in the United States and Soviet 


Union, that science was going to be an in- 
creasingly important aspect of national 
strength. The atomic bomb alone set the tone 
for the postwar geopolitical arena, and nu- 
clear physicists had little difficulty in securing 
patronage for their work. The most influen- 
tial patron for science was the U.S. military 
establishment, which supported research 
through its various arms, such as the Office of 
Naval Research (established in 1946). This 
body e supported research in a number of 
fields, hoping for short- or long-term impact 
on military technology or operations. Be- 
cause its long-term vision appeared to give 
scientists free reign over their own projects 
rather than force them to develop specific 
weapons systems, the Navy acquired the rep- 
utation of having a sophisticated approach to 
basic research. 

Civilians also saw the need to support re- 
search, particularly if military officers were so 
keen to do it, to maintain national strength 
without subjecting scientists to military con- 
trol. Despite claims by military officials that 
they were pleased to give scientists freedom 
to pursue their interests, civilians worried 
about excessive military involvement. The 
wartime director of the Office of Scientific 
Research and Development, Vannevar Bush 
(1890-1974), published a civilian vision of 
postwar patronage in his report, Science—The 
Endless Frontier (1945). In it, he proposed a na- 
tional foundation to act as the principal source 
of federal patronage of science. Political ne- 
gotiations stalled its creation until 1950. The 
resulting National Science Foundation was 
smaller than envisioned, and it comple- 
mented rather than replaced military sources 
of patronage. Overall, federal patronage for 
science between 1945 and 1950 tended to 
favor mathematics, physics, and engineering. 

In the Soviet Union, scientists initially 
were viewed with suspicion by the govern- 
ment; in the 1920s, the Bolsheviks believed 
they might be hostile to socialism. But under 
Joseph Stalin’s (1879-1953) leadership, a 
new class of scientists and technical special- 
ists emerged who were not only loyal but 
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A worker from the Rockefeller Foundation hunts for lice in a girl’s hair in a Naples slum. The Rockefeller Foundation hoped 
to use science to eradicate disease, often focusing its efforts on public health. (Bettmann/ Corbis) 


committed to Stalin’s goals of accelerated in- 
dustrialization and efficient agricultural col- 
lectivization. The government subsidized sci- 
entists’ work in an effort to meet these 
objectives, and scientists themselves enjoyed 
a relatively high social status. On the other 
hand, many scientists were victims of Stalin’s 
purges in 1936-1938. Stalin’s desire to have 
an atomic weapon provided physicists with a 
major commitment of support beginning in 
1943 and, after World War II, enormous 
levels of financial resources as well as politi- 
cal pressure to keep abreast of the most re- 
cent work in nuclear physics. 

Increased patronage for science in the 
years after World War II led to a period that 


many historians call Big Science. The influx 
of funding made possible larger laboratories, 
bigger research teams, and collaboration 
among universities, agencies, and even coun- 
tries. But such levels of patronage provoked 
tough questions for scientists. Did patronage 
amount to control of science? Should scien- 
tists exercise restraint in taking money from 
sponsors, particularly from those expecting 
to develop more destructive weapons? By 
mid-century, such questions often were 
muted by the political exigencies of the Cold 
War and the expectation that the outcome of 
a new, more destructive war would depend 
greatly on the government’s investment in 
scientific expertise. 
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Pavlov, Ivan 
(b. Ryazan, Russia, 1849; d. Leningrad, 
USSR, 1936) 

Ivan Pavlov began a career in physiology in 
the 1870s, but was not successful in finding a 
university appointment. However, the as- 
tounding public health implications of physi- 
ological research in Europe, notably Louis 
Pasteur’s (1822-1895) rabies vaccine and 
Robert Koch’s (1843—1910) tuberculin, con- 
vinced eminent aristocrats to found an insti- 
tute in which comparable work might be ac- 
complished in Russia. One of these, Prince 
Aleksandr P. Olľ'denburgskii (1844—1932), 
founded the Imperial Institute of Experimen- 
tal Medicine, and Pavlov was appointed chief 
of its division on physiology in 1891. In their 
efforts to modernize Russian medicine, offi- 
cials encouraged doctors to spend parts of 
their training in a laboratory environment; 
this gave Pavlov an uncommonly talented co- 
terie of workers from which to draw. 

Pavlov’s laboratory housed not only a 
large number of workers but also a full-scale 
kennel for the experimental animals. Pavlov 
was interested not simply in dissecting or 
vivisecting animals, but in observing their 


long-term physiological processes. This re- 
quired keeping them alive and healthy in 
order to conduct chronic experiments, as he 
called them. These were experiments over 
time, designed to understand the normal 
functions of animals. This was a new kind of 
study, because previously experiments had 
been “acute,” meaning that the dog was vivi- 
sected and ultimately killed in the process. 

Pavlov’s most famous experiments were 
on dogs, whose digestion he studied by im- 
planting in them fistulas (tube-like devices 
that connect internal organs to the surface of 
the body). Historian Daniel Todes has argued 
that Pavlov’s dogs were themselves labora- 
tory technologies rather than just objects of 
study. The surgical innovations were de- 
signed to acquire certain fluids (such as pan- 
creatic, salivary, or gastric secretions) from 
the dog but not to kill the dog in the process. 
The goal was to keep the dogs in full health 
(as nearly as possible), to observe the normal 
functioning of its digestive system. Only in 
this way could Pavlov pursue “chronic” ex- 
perimentation of the digestive system. 
Through these experiments Pavlov drew 
strong connections between the digestive 
system and the nervous system, showing the 
latter’s influence over the former. 

Pavlov did not fit the mold of the heroic 
scientist striving alone in his laboratory. In- 
stead, he credited his entire laboratory for his 
work. Pavlov was nominated for the Nobel 
Prize in Physiology or Medicine in four suc- 
cessive years beginning in 1901, but his nom- 
inations were not specific to any discovery. 
They were based on a variety of laboratory 
findings; this, combined with his explicit ac- 
knowledgment of the role of the entire labo- 
ratory (rather than his taking all the credit), 
made him a difficult choice for the Nobel 
Prize, itself a symbol of the personal nature 
of scientific discovery. Eventually the prize 
committee overlooked this, and it awarded 
the prize to Pavlov in 1904. 

Perhaps Pavlov is best known, despite his 
Nobel Prize for earlier work, for his research 
on conditioning. The phrase “like Pavlov’s 





Despite his Nobel Prize for earlier work, Ivan Pavlov is best 


known for his research on conditioning. The phrase "like 
Pavlov's dog" has entered common speech to indicate a 


conditioned response. (National Library of Medicine) 


dog” has entered common speech to indicate 
a conditioned response. His previous studies 
of secretions by bodily organs led him to an 
interest in “psychic” bodily secretions, 
namely, those that occurred from stimuli not 
directly connected to the animal. For exam- 
ple, saliva was secreted when dogs saw food. 
Eventually he rejected the notion of a “psy- 
chic” secretion and affirmed that even these 
secretions were uncontrolled, often tempo- 
rary reflexes. Pavlov proposed two kinds of 
reflexes, unconditional and conditional. 
Conditional reflexes were those connected to 
specific stimuli and had been developed over 
time. The connection between sensory input 
(for example, seeing food) and motor output 
(for example, salivation) was called signaliza- 
tion. He set forth many of these ideas as early 
as 1903, noting that reflexes can be both 
physiological and psychological. 

Pavlov’s subsequent research located such 
reflexes in the cerebral cortex, and over the 
next several years he and others continued 
research on artificial conditioned reflexes, 
such as making a dog salivate at the sound of 
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a bell. His work on such conditioning be- 
came the basis of animal behaviorism. It pro- 
vided an avenue for the study of animal re- 
sponse to any environmental stimulus, 
which influenced the direction of work in 
other fields, notably human psychology. 
Pavlov was lucky in that his success under 
czarist Russia did not falter after the Bolshe- 
vik Revolution in 1917. In fact, Soviet leader 
Vladimir Lenin (1870—1924) publicly af- 
firmed Pavlov’s importance to the cause of 
the working class in a special decree in 1921. 
The Soviet Union, under Pavlov’s influence, 
became a major center of activity in the 


study of animal physiology. 


See also Medicine; Psychology; Skinner, Burrhus 
Frederic; Soviet Science 
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Peking Man 
Peking Man, discovered over a period of 
years in the 1920s and 1930s, was a set of 
bones that belonged to human beings living 
hundreds of thousands of years ago. Because 
the bones were human (or hominid) but not 
Homo sapiens, Peking Man became one of 
the principal pieces of fossilized evidence for 
those who sought to strengthen the theory of 
human evolution. The bones themselves 
were lost or destroyed during World War II. 
In 1918, workers uncovered a fossil de- 
posit in a limestone quarry near the village of 
Zhoukoudian, some fifty kilometers from 
Beijing, China (Westerners then referred to 
Beijing as Peking). The Chinese govern- 
ment’s mining advisor, Johan G. Andersson 
(1874-1960), noted the numerous bird and 
mammal bones found there and determined 
that it was of fairly recent origin. He re- 
turned to the site with scientists Walter 
Granger (1872-1941) and Otto Zdansky 
(1894—1988) in 1921, and the quarrymen led 
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them to another, larger fossil site recently 
uncovered. There they found pieces of white 
quartz, suggesting that the deposits were 
very old; they decided to excavate, in the 
hopes of finding human remains. 

The Zhoukoudian site thus began a long 
period of excavation that continued sporadi- 
cally for decades. Many scientists, including 
the priest and scholar Pierre Teilhard de 
Chardin (1881—1955), conducted research 
on the bones found there. In 1923, Zdansky 
discovered a molar tooth of a hominid, and 
soon laboratory investigations of samples un- 
covered other teeth. Andersson announced 
the initial discoveries in 1926. After arousing 
the interest in the Chinese government, a 
major excavation was organized by the Geo- 
logical Survey of China and the Peking Union 
Medical College, funded largely by a grant 
from the Rockefeller Foundation. The exca- 
vations took considerable time, because the 
deposit turned out to be larger than ex- 
pected. But piece by piece, remains were un- 
covered that appeared to be those of human 
beings, including a complete skull. 

Anatomist Davidson Black (1884—1934), a 
faculty member at the Peking Union Medical 
College, concluded that the deposits repre- 
sented the remains of a large, ancient cave 
that had been filled over time by sedimenta- 
tion in the course of being occupied continu- 
ously by men and beasts. The community of 
humans, he and others concluded based on 
the tools found at the site, had not learned 
their crafts from other cultures and seemed 
autonomous. Black conferred the name 
Sinanthropus pekinensis on the hominids found 
at the site, and he proclaimed that they cer- 
tainly belonged to the family of humans. 
Peking Man is the name that took hold. 
Peking Man was actually a collection of 
bones, some of which were part of the female 
anatomy. They were not one person but sev- 
eral, whose age was determined to be some- 
where between 200,000 and 700,000 years. 

Scientists concluded that Peking Man 
walked erect and that he or she was closer to 
modern humans than Neanderthal Man. 


Peking Man was used frequently as empirical 
evidence for the evolution of species. After 
Piltdown Man was revealed as a forgery in 
the early 1950s, opponents of evolution 
began to accuse scientists of fabricating 
Peking Man as well. Such accusations were 
buoyed by the fact that the original bones 
disappeared during World War II; their fate 
has been enshrouded in mystery ever since. 
With Japanese occupation of Beijing immi- 
nent, Chinese archaeologists had hastened to 
protect the bones by sending them to the 
United States. But what actually hap- 
pened—the fate of Peking Man—remains 
unknown. Certainly the chaos of war pro- 
vided a host of opportunities to lose the im- 
portant artifacts. Perhaps the bones were 
mistook as trash and thrown away, or per- 
haps they were hidden by someone who then 


perished in the war. 


See also Anthropology; Missing Link; Piltdown 
Hoax; Teilhard de Chardin, Pierre; World 
War Il 
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Penicillin 

The discovery and commercial production of 
penicillin can be classed as one of the most 
significant public health achievements of the 
first half of the twentieth century. Discov- 
ered by a British scientist in 1928, penicillin 
was used as a therapeutic antibiotic by the Al- 
lies during World War II, saving countless 
lives and limbs from the effects of wound in- 
fection and infectious diseases. Penicillin was 
medicine’s version of the atomic bomb, in 
the sense that it required an unprecedented 
level of cooperation among scientists, indus- 


try, and government, and resulted in an 
equally unprecedented scale of production. 

In 1928, British biologist Alexander Flem- 
ing (1881-1955) discovered that a culture 
plate of bacteria had been contaminated by 
spores of the mold penicillium. Although the 
contamination was not uncommon, Fleming 
noted that the mold spores grew into a large 
colony over time and seemed to have a dele- 
terious effect on the colonies of staphylococ- 
cus, which had inhabited the plate prior to 
contamination. Fleming realized that the 
contaminating mold of penicillium had an an- 
tibacterial effect, and he named the active 
agent penicillin. He was not the first to rec- 
ognize that some microorganisms inhibit the 
growth of others, but the later importance of 
penicillin lent extraordinary significance to 
his work. 

Work on penicillin progressed little until 
the late 1930s, when the Rockefeller Foun- 
dation financed a team of British scientists 
led by Ernst Chain (1906—1979) and 
Howard Florey (1898—1968) to investigate 
the antibacterial effects of microorganisms. 
By 1940 the term antibiotic came into use to 
describe those living substances that could be 
used to kill other living substances such as 
bacteria. Chain and Florey produced small 
quantities of penicillin that could be used in 
humans to combat infections and certain in- 
fectious diseases. Eventually, penicillin went 
into widespread use during the war by the 
British and Americans, and it would later 
stand together with radar and the atomic 
bomb as one of the great scientific and in- 
dustrial achievements of the war. For their 
role in discovering penicillin and developing 
it as a therapy, Fleming, Chain, and Florey 
shared the Nobel Prize in Physiology or 
Medicine in 1945. 

Although the drug was discovered by 
British scientists, penicillin’s large-scale man- 
ufacture resulted from U.S. involvement. 
Lacking sufficient industrial resources in 
wartime Britain, Florey and colleague Nor- 
man Heatley traveled to the United States in 
1941 and contacted a number of pharmaceu- 
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These 
among them Pfizer and Merck, worked with 


tical manufacturers. companies, 
scientists and the federal government to find 
ways to mass-produce the drug. This re- 
quired extensive research on the properties 
of the mold and more specific data on the 
range of its therapeutic uses. Most impor- 
tantly, a great deal of money was needed for 
developing the means to mass-produce it. 
The Office of Scientific Research and Devel- 
opment (OSRD) allocated over $2 million to 
the research, development, and production 
costs of penicillin. Other breakthroughs con- 
tributed: A laboratory of the Department of 
Agriculture found a way to increase the yield 
of penicillin by growing it in corn steep 
liquor, and it also discovered a more produc- 
tive strand of penicillin than that offered by 
the British scientists. Wartime necessity dra- 
matically shortened the time for testing and 
production, and penicillin soon became 
widely available. By 1945 the price of peni- 
cillin dropped from $20 per vial of 100,000 
units to less than a dollar. The price dropped 
even more in ensuing years. 

One effective use of penicillin was in the 
control of venereal disease. The U.S. Health 
Service received strains of penicillin from 
British scientists in 1943, and it began to in- 
ject the antibiotic into rabbits infected with 
syphilis. The symptoms and microscopic evi- 
dence of the disease disappeared. Experi- 
menting on humans, the rates of cure were 
between 90 and 97 percent. Penicillin was 
also used to treat other diseases, such as gon- 
orrhea, and by the mid-1950s these venereal 
diseases no longer carried the serious threat 
that they had posed prior to the development 
of penicillin. 


See also Industry; Medicine; Venereal Disease; 
World War II 
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Pesticides 

Around the turn of the twentieth century, 
the growth of commercial farming led large- 
scale businesses to seek ways to control in- 
sects. These pests could destroy large swaths 
of profitable crops. Entomologists and farm- 
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ers developed a few key chemical compounds 
to destroy them, such as lead arsenate and 
calcium arsenate. To protect humans from 
these and other toxins, the United States in 
1906 passed the Pure Food and Drug Act, 
which began the regulatory efforts to limit 
the poisons that might turn harmless con- 
sumable substances into toxic materials. The 
use of pesticides was widespread by the 
1920s, and in 1938 a federal law instituted 
even more strict controls on hazardous mate- 
rials such as lead arsenate. But laws and atti- 
tudes about pesticides generally looked at the 
short-term effects of exposure as a means to 
determine safety. When pesticides were 
sprayed, did people get sick? If not, they 
were safe. Such reasoning ignored any long- 
term damage that had no visible symptoms. 
Although scientists at Harvard University 
warned against the cumulative effects of pes- 
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Sacks and drums of pesticides are neatly stored in a warehouse. The use of pesticides was widespread by the 1920s, and in 


1938 a federal law instituted even more strict controls on hazardous materials such as lead arsenate. (National Library of 


Medicine) 


ticides as early as 1927, most assumed that 
the residues left by these chemicals would 
have no harmful effects if people did not ex- 
hibit symptoms of poisoning. 

New insecticides were introduced in the 
1940s, most notoriously DDT, which was 
very effective against malaria and typhus. In- 
vented by Paul Miller (1899-1965) in 
Switzerland in 1939, DDT seemed to be a 
wondrous chemical: It eradicated dangerous 
insects more effectively than previous pesti- 
cides and seemed to pose less risk of sick- 
ness in humans. It was an important weapon 
during World War II, because it helped to 
reduce soldiers’ danger of contracting in- 
sect-borne diseases. In the short term, DDT 
saved lives. Controversy about DDT began 
when, after the war, it was used in cities to 
control the gypsy moth and it began to erad- 
icate birds as well. More extensive discover- 
ies of the effects of DDT on wildlife and hu- 
mans did not occur until the 1950s and 
1960s. Only then did it become clear that 
the long-term DDT residues could con- 
tribute to death, reproductive damage, and 
even species extinction. After Rachel Car- 
son (1907-1964) published her celebrated 
1962 book Silent Spring, detailing many of 
the dangers, activists and scientists suc- 
ceeded in getting DDT’s use banned in the 
United States. 


See also Public Health 
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Philosophy of Science 

The philosophy of science is concerned with 
epistemology, which is the study of knowl- 
edge. It asks, “how does one know some- 
thing?” Around the turn of century, many 
philosophers and scientists were concerned 
about the consequences of drastic changes in 


Philosophy of Science 243 
scientific ideas in the nineteenth century, 
from Darwinian evolution to thermodynam- 
ics and electromagnetism. The philosophy of 
science increasingly was debated, particularly 
in Europe, where thinkers concerned them- 
selves with the mechanics of knowledge pro- 
duction and the impediments to truly “scien- 
tific knowledge.” 

Although philosophers occasionally took 
divergent views, most acknowledged that 
science appeared to be a cumulative 
process. Pierre Duhem (1861—1916), the 
French historian and philosopher, stressed 
the evolutionary (rather than revolutionary) 
nature of scientific change, going back to the 
medieval universities. In his 1906 La Theorie 
Physique, Duhem described the history of 
physics as slow accumulation, with imper- 
ceptible improvements amidst a morass of 
misconceptions. Mathematician and philos- 
opher Bertrand Russell (1872—1970) noted 
that improvements could be made more eas- 
ily by restating problems in precise logical 
form; Russell’s career was marked by impa- 
tience with irrelevant influences in philo- 
sophical and scientific ideas, which he be- 
lieved tarnished science. Russell’s logical 
analysis attempted to avoid conceptual prej- 
udices, by explicitly stating that some kinds 
of knowledge will probably never be 
known, because they exist beyond the 
human capacity to understand them. Scien- 
tists should not attempt proofs of things that 
are not provable (i.e., the existence of 
God), and should stick to what Russell 
called more objective methods. 

One of the most influential philosophers 
of science during the late nineteenth and 
early twentieth centuries was the German 
Ernst Mach (1838—1916). Himself a physi- 
cist and mathematician, Mach fashioned a 
philosophy of science that favored empirical 
study above all other forms of knowledge. 
Physics, he wrote, should confine itself to 
the description of facts, avoiding reliance on 
ideas and concepts not directly measurable. 
In his History of Mechanics (1883), Mach at- 
tempted to show that too much reliance on 
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One of the most influential philosophers of science during 
the late nineteenth and early twentieth centuries was the 


German scientist Ernst Mach. (Corbis) 


theory and rationality, at the expense of ob- 
servation, welcomes false and harmful 
ideas. Mach’s philosophy held wide appeal, 
because it seemed to promise a science free 
of metaphysics, a word often used to describe 
a host of preconceived notions that frame 
(or prejudice) one’s beliefs about the natu- 
ral world. In the first decade or so of the 
twentieth century, Mach was critical of con- 
temporary theories about atomic structure 
and relativity. Founder of quantum physics 
Max Planck (1858-1947) was an ardent 
critic of Mach, largely because the latter’s 
rejection of atoms and his insistence that 
knowledge must come from direct sensory 
experience rather than imaginary (or theo- 
retical) constructs. 

Despite the widespread critique of him, 
Mach influenced a group of thinkers who in 
the 1920s called themselves the Vienna Cir- 
cle. The circle included Moritz Schlick 


(1882-1936), Rudolf Carnap (1891—1970), 
Kurt Gödel (1906—1978), W. V. Quine 
(1908—2000), and sometimes Ludwig 
Wittgenstein (1889—1951). By separating 
observable facts from theoretical interpreta- 
tion, they wanted to get rid of metaphysics 
and preserve the objectivity of science. The 
pursuit of objectivity in science and the belief 
that knowledge can be increased through em- 
pirical methods culminated in a philosophy 
called logical positivism. The term positivism 
was used by the nineteenth-century philoso- 
pher Auguste Comte, who had urged the 
abandonment of religion in scientific think- 
ing; knowledge could grow (hence the “posi- 
tive”) with an acceptance only of observable 
causes and effects. The method that drew the 
Vienna Circle together was that of “verifiabil- 
ity.” They believed that objectivity was best 
preserved if scientific theories could be pre- 
sented in such a way that they could be veri- 
fied by observation or experiment. 

The “verifiability” of the Vienna Circle had 
a number of critics, including many of its 
own members. One critic was a philosopher 
who was not a member but who was instru- 
mental in promoting its views, Karl Popper 
(1902—1994). In treatises such as his 1935 
Logik der Forschung (literally “Logic of Re- 
search,” though in English it has been pub- 
lished as Logic of Scientific Discovery), Popper 
revised logical positivism and turned “verifia- 
bility” upside down. He replaced it by devel- 
oping the concept of falsification. According 
to Popper, an idea gains scientific legitimacy 
only if it conceivably can be falsified, that is, 
proven incorrect by some observation or ex- 
periment. If one cannot subject an idea to 
such scrutiny, it does not deserve to be called 
science; it cannot lead to increased knowl- 
edge, and must forever be consigned to the 
realm of speculation. Instead of verification, 
which attempts to find a means of proving 
something to be true, Popper emphasized the 
importance of understanding what conditions 
or experiments could conceivably discredit a 


theory. This method could still lead to the 


“positive” accumulation of knowledge, which 
is why falsification became the basic method 
for the new logical positivists. 

Other philosophies of science flourished in 
totalitarian countries, where leaders ex- 
pected philosophy to complement political 
doctrines. In the Soviet Union, for example, 
scientists and philosophers alike attacked the 
“idealism” of relativity, quantum mechanics, 
and genetics. Bolsheviks blended the nine- 
teenth-century philosophies of Georg Hegel 
(1770-1831) with the political philosophies 
of Karl Marx (1818—1883) and Friedrich En- 
gels (1820—1895) and then added their own 
changes. This resulted in a branch of the phi- 
losophy of science that eventually came to be 
known as Stalinist science. In other totalitar- 
ian countries, philosophies of science were 
not as well defined. In Nazi Germany, for ex- 
ample, theoretical physics typically was 
dubbed a Jewish science. But aside from the 
new element of racism, German physics was 
not much more than a prejudice in favor of 
experimental physics, which was a carryover 
of Machist empiricism. 

For the most part, logical positivism as re- 
formed by Popper remained the dominant 
philosophy of science for decades, among 
philosophers and scientists; it did not receive 
a significant challenge until the concept of 
paradigm shifts was raised by Thomas Kuhn 
(1922—1996) in the early 1960s. 


See also Gödel, Kurt; Popper, Karl; Nazi 
Science; Soviet Science 
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Physics in the twentieth century evolved 
from a finished field, in which all questions 
seemed answered, to one of the most excit- 
ing frontiers of discovery. This was due pri- 
marily to a surge of interest in physics after 
Wilhelm Röntgen’s (1845—1923) discovery 
of X-rays in 1895, which inspired experi- 
ments that led to the discovery of radioactiv- 
ity. With radioactive particles, scientists 
could experiment with subatomic projectiles 
and theorize about the nature of matter itself. 
Most of the important early activity in 
physics took place in France, Britain, and 
Germany. The last was the birthplace of 
quantum theory, relativity, quantum me- 
chanics, and even the discovery of atomic fis- 
sion. By the 1940s, however, Europeans 
ceded their dominance in physics to the 
United States, where facilities were well 
funded and there was a growing appreciation 
of physics by government and military spon- 
sors. 

The discovery of radioactivity sparked a 
revolution in experimental physics. Henri 
Becquerel (1852—1908) had discovered the 
phenomenon in France in 1896, and his com- 
patriots Pierre and Marie Curie (1867—1934) 
conducted the early fundamental work on 
this subject. Marie Curie coined the term ra- 
dioactivity and discovered the radioactive ele- 
ments polonium and radium. The presence 
of these and other radioactive elements in the 
ore pitchblende prompted New Zealander 
Ernest Rutherford (1871—1937) to identify 
the series of elements produced in radioac- 
tive decay. Experiments with radioactive 
particles compelled Rutherford to change his 
conception of the structure of the atom, and 
in 1911 he developed a new model that in- 
cluded not only electrons but also a nucleus. 
By the end of World War I, the most prom- 
ising experimentalists worked with Ruther- 
ford in England, using his model of the atom 
for experimental and theoretical work. 

Experiments with subatomic particles 
were conducted widely in Europe and North 
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America. British scientists discovered the 
neutron and achieved the first artificial 
atomic disintegration with a particle acceler- 
ator, both in 1932. That same year, U.S. 
physicist Ernest Lawrence (1901—1958) de- 
veloped an accelerator that forced charged 
particles to travel in a spiral, increasing their 
energy before being ejected. This “cyclotron” 
became the most effective kind of accelera- 
tor, designed to produce highly energized 
particles in an experimental setting. Other 
Americans conducted important work in 
physics, particularly the cosmic ray re- 
searchers at Caltech who worked with the 
poor man’s particles, so-called because radi- 
ation from space did not require expensive 
accelerators to generate them. Another im- 
portant center of research was developing in 
Italy, under the leadership of Enrico Fermi 
(1901—1954), whose team subjected an array 
of elements to neutron bombardment in 
order to understand nuclear reactions. Other 
fields of inquiry were in solid-state physics, 





in which experimenters such as the Braggs 
father and son, William Henry Bragg 
(1862—1942) and William Lawrence Bragg 
(1890—1971)—and Max Von Laue (1879— 
1960) developed the field of X-ray crystal- 
lography from their studies of X-ray diffrac- 
tion in crystals in the 1910s. Efforts to un- 
derstand the interactions of electrons in 
crystalline matter became crucial after the 
development of quantum mechanics in the 
1920s, and solid-state physicists were re- 
sponsible for the electronic technological in- 
ventions of the postwar era, such as transistor 
radios. 

Although radioactivity proved crucial for 
understanding the nature of the atom, some 
of the most controversial work in physics was 
theoretical. In Germany in 1900, Max Planck 
(1858—1947) proposed that energy is distrib- 
uted in packets, rather than in a continuous 
stream. These packets, called quanta, be- 
came the basis of quantum physics. One of 
the first major applications of quantum the- 
ory was made by Danish physicist Niels Bohr 
(1885—1962), who believed he could “save” 


Rutherford’s atomic model from most of its 
outstanding problems by claiming that elec- 
trons exist in quantum orbits, moving only 
when atoms absorb or release energy in dis- 
crete quanta. Other important theoretical 
contributions were Albert Einstein’s (1879— 
1955) special and general theories of 
relativity. The first (1905) disposed of the 
nineteenth-century concept of the ether and 
redefined the variables space, time, and 
mass. The second (1915) provided a theoret- 
ical explanation of gravitation, equating it 
with acceleration; it also proposed that light 
might be bent by gravity. In the 1920s, the 
most exciting theoretical problem was that of 
mechanics—how should the quantum theory 
change classical mechanics? A number of the- 
oreticians, including Werner Heisenberg 
(1901—1976) and Erwin Schrödinger (1887— 
1961), proposed versions of quantum me- 
chanics. The most controversial aspect of 
Heisenberg’s work was his denial of deter- 
minism; he concluded that at quantum scales, 
one could not increase knowledge of one 
variable without decreasing knowledge of 
others. Also disturbing was the seeming in- 
compatibility of different versions of quan- 
tum mechanics, some interpreting the physi- 
cal world in terms of particles and others in 
terms of waves. Both were correct, yet in- 
complete on their own; Bohr referred to this 
as the wave-particle duality. Such questions 
were hotly debated, primarily in Europe and, 
more specifically, in the universities in Berlin 
and Göttingen. 

The center of activity in physics shifted in 
the 1930s and World War II from Europe to 
the United States. In Germany, anti-Semitic 
racial policies made it impossible for Jews to 
begin careers in science, and many lost exist- 
ing jobs. A number of leading scientists were 
exempt from these rules, because of impres- 
sive contributions or past service, but many 
chose to leave their posts and to leave Ger- 
many. The most famous of these was Albert 
Einstein, who was out of Germany when 
Adolf Hitler (1889-1945) rose to power in 
1933; he decided not to return. Many non- 


Jewish physicists, such as Werner Heisenberg 
and Max Planck, deplored such practices, 
claiming that Nazi policies would kill Ger- 
man physics. Others, such as Philipp Lenard 
(1862—1947), believed that Jews were cor- 
rupting physics anyway, and that theoretical 
physics had become so detached from reality 
that it no longer was fitting to be called 
physics at all. He and others referred to Ein- 
stein’s relativity as Jewish physics. By the end 
of the 1930s, most leading Jewish scientists 
had fled, aided by organizations, such as the 
Academic Assistance Council (Britain), that 
helped refugee scientists to relocate in Britain 
and the United States. 

The development of atomic bombs perma- 
nently altered the character of physics. 
Atomic fission was discovered in Germany in 
late 1938; soon scientists of many countries 
realized that it might lead to bombs of ex- 
traordinary explosive power. Most of the 
work became secret in 1939, after the com- 
mencement of World War II, and bomb proj- 
ects were set up by governments in several 
countries. Many of the Jewish scientists who 
had fled Europe ended up in the United 
States, where they contributed to the Man- 
hattan Project. The project cost $2 billion and 
forged close ties among scientists, the mili- 
tary, and government. When the bombs were 
first used, it seemed clear to all that the 
United States would continue to rely on 
physicists to exercise its influence in the 
world. More than any other discipline, 
physics seemed directly relevant to national 
security, and henceforth it began to receive 
ample funding from governments and enor- 
mous prestige. Because of this importance, 
for example, physics in the Soviet Union 
managed to avoid the excesses that befell the 
biological community during the Trofim Ly- 
senko (1898—1976) affair; Joseph Stalin’s 
(1879—1953) desire to build a bomb trumped 
his efforts to ensure ideological conformity. 
In the United States, physicists from the “Los 
Alamos generation” became the leading scien- 
tific figures in academic, industrial, and mili- 
tary circles. Both Britain and France also gen- 
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erously supported physics, in efforts to de- 
velop nuclear power and nuclear weapons. 
The use of expensive particle accelerators, re- 
actors, and new experimental designs re- 
quired more money than ever before, at lev- 
els only governments could afford. Thus 
physics led the way into what often was called 
the era of Big Science, with large teams of re- 
searchers, large sums of money, expensive 
equipment, and often collaboration across 
university, military, and government lines. 


See also Atomic Bomb; Atomic Structure; 
Cavendish Laboratory; Cloud Chamber; 
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Piaget, Jean 
(b. Neuchatel, Switzerland, 1896; d. 
Geneva, Switzerland, 1980) 

Jean Piaget became a celebrated psycholo- 
gist for his work on the cognitive develop- 
ment of children. His early interests were in 
natural history, and he published scientific 
works on mollusks before turning to psychol- 
ogy. He received a doctorate from the Uni- 
versity of Neuchatel in 1918. He worked in 
France in an intellectual milieu that favored 
the intelligence testing methods recently de- 
veloped by Alfred Binet (1857-1911). While 
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working on intelligence testing, he started a 
long-standing interest in the development of 
cognition in children and its relationship to 
intellectual development generally. He be- 
came the research director of the Institut 
Jean-Jacques Rousseau in Geneva in 1921. In 
subsequent years he held several positions in 
Switzerland, alternating his interests be- 
tween psychology, sociology, and the history 
and philosophy of science. 

Although Piaget was concerned with the 
child’s early intellectual and moral develop- 
ment, his wider interests were in epistemol- 
ogy, the study of knowledge itself. He was 
fascinated by the growth of knowledge, and 
this motivated his interests in the cognitive 
development of children. He believed that 
knowledge growth was a process of adapta- 
tion from practical intelligence, from the ear- 
liest stage when the child directly assimilates 
the external environment into his or her own 
activities. While developing intellectual 
schemata (interrelated concepts and ideas) to 
make use of the environment’s symbols and 
images, the child also develops concepts that 
help him or her to explain the external world 
itself. External stimuli are either assimilated 
into existing schemata or the child accommo- 
dates new stimuli by creating new schemata. 
According to Piaget, more external influ- 
ences tend to make links between the exter- 
nal environment and the child’s cognitive 
schemata more numerous, more complex, 
and thus less subjective (in other words, less 
in relation solely to his or her practical situa- 
tion). This process was crucial for the devel- 
opment of higher knowledge, which, in 
Piaget’s estimation, meant increasing objec- 
tivity about the surrounding world. 

Piaget devised a number of stages of de- 
velopment through which children pass in 
order to achieve adult intelligence. He em- 
phasized the importance of perception, men- 
tal imagery, and memory. The result of the 
cumulative early stages of the child’s devel- 
opment is a higher state of knowledge; as the 
title of one of his books put it, the process is 


the “construction” of reality. The first stage, 
the “sensorimotor,” comprises approximately 
the first two years of life, when the child’s 
knowledge consists of practical intelligence. 
More advanced thought occurs in the “preop- 
erational” stage of the next five years, when 
the child can mentally imagine objects that he 
or she cannot see. “Concrete operations” are 
possible in the next stage, such as deductive 
reasoning. Abstract thought occurs in the 
final stage of “formal operations.” 

The salient feature of Piaget’s work was 
his belief in what he called genetic epistemol- 
ogy. The growth of knowledge stems not 
simply from what is taught to the child; in- 
stead, it is built on the foundations laid dur- 
ing the early stages of development. This 
makes knowledge growth truly developmen- 
tal; like biological evolution, there are dis- 
tinct relationships between mature intelli- 
gence and the more primitive childlike 
intelligence. The phrase genetic epistemology 
draws attention to the importance of this de- 
velopmental aspect of intelligence. At the 
same time, Piaget did not diminish the cru- 
cial role of external influences; although in- 
telligence is based on the past, it can only 
grow from interaction with the environment. 

Piaget’s influence was generally confined 
to the French-speaking world until after 
World War II. His works on the construction 
of intelligence were first published as La Nais- 
sance de L’ Intelligence chez L’Enfant (1936), La 
Construction du Reel chez L’Enfant (1937), and 
La Formation du Symbole chez L’Enfant (1946). 
These were all translated into English by the 
1950s. His work became widely known in 
the English-speaking world in the 1960s 
when John Flavell published, in 1963, The 
Developmental Psychology of Jean Piaget. In 
1955, Piaget created in Geneva the Interna- 
tional Center for Genetic Epistemology. 
Merging his scientific and historical interests, 
he hoped to generate links between his work 
in child psychology and the history of the de- 
velopment of scientific thought. He was its 
director until his death in 1980. 


See also Philosophy of Science; Psychology 
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Pickering’s Harem 
The rather dated term Pickering’s Harem, used 
among astronomers around the turn of the 
century, referred to a group of women as- 
tronomers who were employed at the Har- 
vard College Observatory under the direc- 
torship of Edward Pickering (1846-1919). 
Pickering began to employ women to do as- 
tronomical calculations for several reasons in 
the 1880s: because he believed that women 
should go into advanced study, because he 
was irritated at the inefficiency of his male 
employees, and because many of them could 
be hired at a comparatively lower wage than 
men. He continued the practice until his 
death in 1919. Most were not college gradu- 
ates, and many had physical disabilities: both 
Annie Jump Cannon (1863—1941) and Hen- 
rietta Swan Leavitt (1868—1921), the most 
notable of the group, were partly deaf. 
Pickering and his first hire, Wilhelmina 
Fleming (1857—1911), tried to use the success 
of the Harvard group to promote such hires at 
other observatories. The skills involved in this 
work were stereotyped as “women’s work,” 
of a routine nature, requiring the kind of pa- 
tience and perseverance that (some argued) 
were particularly suited to women. By the 
1920s, almost every large astronomical labo- 
ratory in the country hired such women. They 
were a convenient and reliable workforce, re- 
quiring no high salaries and few promotions, 
and thus no threat to men already competing 
for prestigious positions. 
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Although these women were charged with 
making calculations—they were called com- 
puters—several of them made fundamental 
contributions to astronomy. Part of the rea- 
son for this was that much of Pickering’s ef- 
fort was devoted to classifying photographic 

lates rather than just making laborious calcu- 
lations. This required cheap and intelligent 
labor. The women charged with doing this 
became leading experts on astrophysical phe- 
nomena, knowledge that was required for 
correctly identifying stars. Working for years 
in the same job with no chance for advance- 
ment, aside from the negative impact on 
women’s opportunities in astronomy, had the 
positive result of creating a few scientists with 
unsurpassed levels of specialized knowledge 
in star identification. One of them was Annie 
Jump Cannon, a graduate of Wellesley Col- 
lege, who led the effort to compile the Henry 
Draper Star Catalog, published between 1918 
and 1924. Another leading women as- 
tronomer from Harvard was Margaret Har- 
wood (1885—1979), who went on to direct 
the Maria Mitchell Observatory on Nantucket 
Island. The most famous was Henrietta Swan 
Leavitt, a graduate of Radcliffe College, who 
used the photographic plates at Harvard to 
study Cepheid variable stars, and in 1912 dis- 
covered a relationship between their period 
and luminosity. Leavitt’s discovery was the 
key to determining stellar distances, and it be- 
came a major tool for astronomers in the next 
decades, leading astronomers such as Harlow 
Shapley (1885—1972) and Edwin Hubble 
(1889—1953) to reevaluate the sizes and dy- 


namics of galaxies. 
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Piltdown Hoax 

The forgery of scientific evidence and the sub- 
sequent shaping of entire fields of inquiry pro- 
vide a fascinating context to understand the 
often-tenuous nature of scientific knowledge. 
The Piltdown Man was so named because it 
was found in a gravel bed in Piltdown, Sussex, 
England, in 1912. The fossilized remains con- 
sisted of a human skull and a jawbone that re- 
sembled that of an ape. The discovery was 
monumental, because it seemed to be the 
“missing link” necessitated by the prevailing 
interpretation of evolution. According to 
popular understandings of evolution, species 
progress from lower forms to more advanced 
forms; thus, one should expect to find transi- 
tional species between modern apes and mod- 
ern men (this is not the Darwinian view). The 
Piltdown Man appeared to be exactly that: an 
apelike jaw attached to an otherwise modern- 
seeming man. 

Seeing the Piltdown Man as the “missing 
link” depended on agreement that the skull 
and jawbone in fact belonged together, and 
indeed originated in Piltdown. Doubt about 
the veracity of the claim appeared as early as 
1914 by William K. Gregory, who noted 
that the fossils could have been planted at 
Piltdown to fool the scientists. Others chose 
not to see Piltdown Man as a link in the evo- 
lutionary chain. Some, including Henry Fair- 
field Osborn (1857—1935), viewed him as an 
anomaly from which no modern species 
evolved. But the majority of scientists ac- 
cepted Piltdown Man as evidence for the 
progressive view of evolution so popular at 
the time. 

With the skull and jawbone in hand, 
lawyer and amateur archaeologist Charles 
Dawson (1864—1916) and British Museum 
geologist Arthur Smith Woodward an- 


nounced the discovery of a new and early ho- 
minid. In subsequent years more frag- 
ments—teeth, some stone and bone tools, 
and bones of other fauna—were discovered 
in the gravel pits that appeared to substanti- 
ate the claim. The Piltdown Man appeared to 
be so unique that a new binomial appellation 
was created to classify it. It became the first 
known (and only) evidence of the prehistoric 
existence of Eoanthropus dawsoni, named in 
honor of Charles Dawson. Dawson himself 
died in 1916, before his hope to be elected to 
the Royal Society could be fulfilled. 

In the early 1950s, Piltdown Man was un- 
covered as a fraud by Joseph Weiner 
(1915-1982) and Kenneth Oakley (1911— 
1981). They showed that the skull belonged 
to a modern man, though it was unusually 
thick. The jawbone belonged to a modern 
orangutan. Both had been stained artificially 
in order to look ancient, and the teeth had 
been filed down. Some of the local rocks 
originated from elsewhere, and the local 
animal bones came from faraway lands in 
North Africa. 

Who planted the evidence? Weiner was 
the first to write an authoritative account, in 
1955, called Piltdown Forgery. Dawson himself 
has been the most cited suspect, and in retro- 
spect is not hard to imagine why. Dawson 
also claimed to have discovered other cu- 
riosities, such as a mummified toad. But be- 
cause of the scientific expertise required to 
make the forgery convincing, it is doubtful 
that he acted alone. Most of those associated 
with the initial discovery have found them- 
selves (posthumously) under suspicion by 
various historical detectives, including by a 
twist of fate the creator of Sherlock Holmes, 
Sir Arthur Conan Doyle (1859-1930). Other 
high-profile suspects include Catholic priest, 
writer, and paleontologist Pierre Teilhard de 
Chardin (1881—1955). Researcher Ian Lang- 
ham concluded that Sir Arthur Keith 
(1866—1955), a prominent British physical 
anthropologist, was among the guilty. The 
plethora of other candidates and the endless 
array of circumstantial evidence, despite the 





The cast of the first construction of the “Piltdown Man” 
attracted considerable attention, but was revealed later as a 
hoax. (Bettmann/ Corbis) 


scandalous effect on biology, have led a num- 
ber of historians to give up on what they con- 
sider to be pointless detective work, and to 
let the Piltdown Man lie. 


See also Anthropology; Missing Link; Peking 
Man; Teilhard de Chardin, Pierre 
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Planck, Max 
(b. Kiel, Germany, 1858; d. Gottingen, 
Germany, 1947) 

In 1900, Max Planck became the unwit- 
ting founder of quantum physics. This field, 
more than any other, became a symbol of sci- 
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ence in the first half of the twentieth century 
for its novelty and its controversial and revo- 
lutionary character. Planck was catapulted 
into a long-standing period of fame and sci- 
entific leadership, spanning the golden age of 
physics in Germany and extending well into 
the Nazi period. His pivotal role in facilitat- 
ing the rise of quantum mechanics was tem- 
pered by his inability to control the disinte- 
gration of science under Adolf Hitler 
(1889-1945). 

Planck’s reputation was not initially in 
theoretical physics, but rather chemical ther- 
modynamics. He firmly believed in the uni- 
versal applicability of the law of entropy and 
was fascinated by the irreversible processes 
of nature. This led him to study blackbody 
radiation. A blackbody is a body whose radi- 
ation is dependent only on temperature (and 
independent of the nature of the body). Wil- 
helm Wien (1864—1928) determined in 1894 
that if the spectral distribution of the radia- 
tion was known at one temperature, it could 
be deduced at any other temperature. How- 
ever, Wien’s radiation law proved incorrect 
at long wavelengths, and at best it provided 
only for approximations. Planck, who had 
supported Wien’s law, was as surprised as 
anyone. He tried to improve on Wien’s law 
by introducing, in 1900, the concept that the 
total energy was composed of finite equal 
parts. He claimed that the energy of black- 
body radiation could be determined by mul- 
tiplying frequency by a very small constant of 
nature (h). 

Planck’s innovation was to calculate radia- 
tion as discontinuous. Energy was not emitted 
in a constant stream; instead, it was com- 
posed of discrete packets, individual tiny 
amounts called quanta. Neither Planck nor 
others recognized immediately that his new 
radiation law required a break with classical 
physics. He was simply smoothing out some 
problems with Wien’s law. Only slowly did 
the implications for the world of physics be- 
come clear. The strongest advocate of quan- 
tum physics would be Albert Einstein 
(1879—1955), who in 1905 published on the 
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photon—the quantized unit of light—in a 
paper no less influential than that outlining his 
special theory of relativity (the same year). 
Aside from his scientific work, Planck had 
enormous influence among scientists and 
other intellectuals. Like many of his country- 
men, Planck reveled in the patriotic fervor 
accompanying the commencement of hostili- 
ties in Europe in 1914. He then made a deci- 
sion he soon regretted, namely, signing the 
document, “An die Kulturwelt! Ein Aufruf” 
(this can be translated as “To the Civilized 
World! An Appeal”). This was a manifesto of 
ninety-three intellectuals defending Ger- 
many against the charges of the Entente pow- 
ers and declaring solidarity with the German 
army. Although nationalistic sentiments 
were not limited to Germany, scientists in 
Britain, France, and the United States used 
the manifesto to identify German scientists 
with the brutality of the Kaiser’s regime and 
to exclude Germany from postwar science. 
Planck was a spokesman for German sci- 
ence in its years of isolation following World 
War I. He traveled to Sweden to accept a 
Nobel Prize in Physics; in 1918, no prize had 
been awarded, and after the war it went to 
Planck. He received it officially in 1919, the 
same year that two other Germans—experi- 
mental physicist Johannes Stark (1874—1957) 
and chemist Fritz Haber (1868—1934)—re- 
ceived prizes. The choice of these three infu- 
riated many who felt that German science 
should not be celebrated, especially since 
Haber had spearheaded chemical warfare 
projects during the war. Planck moved to 
ease tensions, first by recanting his adherence 
to the manifesto of intellectuals, then by at- 
tempting to steer German science back into 
international organizations. It was not easy; 
the International Research Council formed in 
the wake of the war explicitly barred Ger- 
mans from participation in international sci- 
entific gatherings. Planck emphasized sci- 
ence’s internationalism and deplored its 
politicization. Ultimately, the place of Ger- 
man science in the international community 
was helped most, not by Planck or any or- 


ganizations, but by the fact that most of the 
leading physicists of relativity, quantum 
physics, and quantum mechanics were Ger- 
man. 

When Hitler became Reich chancellor in 
1933, Planck was president of the Kaiser 
Wilhelm Society and secretary of the Berlin 
Academy of Sciences. This began a tragic pe- 
riod in the lives of Planck and others, told by 
John Heilbron in his The Dilemmas of an Up- 
right Man. The upright man was Planck him- 
self, holding on to his sense of duty to the 
state, his countrymen, and to science in the 
shadow of Nazism. Planck met with Hitler, to 
convince him that alienating Jews would hurt 
German science; Hitler responded that the 
racial laws were intended to protect eminent 
Jews, who could take advantage of exceptions 
for veterans and men of eminence. Planck’s 
hopes that the Nazis would have to moderate 
their views, in order to remain in power, 
were in vain. Hitler’s policies crippled Ger- 
man science. Ultimately, Planck’s efforts to 
salvage some of it by defending Jews and their 
ideas (such as Einstein’s theories of relativity) 
brought him under fire from physicists such as 
Stark, who gave Hitler his fullest support and 
trumpeted the cause of an “Aryan physics” 
bereft of Jewish influences. 

Planck resigned his posts in 1938 and lec- 
tured on religion and science, espousing sci- 
ence’s universalism and refusing to abandon 
“un-German” concepts such as relativity and 
quantum mechanics. Although he did not 
speak out explicitly against the regime, he 
had become something of an outsider. His 
worst personal tragedy occurred during the 
war; not only did he lose his house to an air 
raid, but also his son Erwin was executed for 
complicity in a plot to assassinate Hitler. 
Health complications increasingly pained 
him, and his hometown became such a bat- 
tlefield that he and his wife slept in haystacks. 
He continued to lecture after the war; he 
died of a stroke in 1947. 


See also Kaiser Wilhelm Society; Nazi Science; 
Physics; Quantum Theory; Race; World War 
I; World War II 
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Polar Expeditions 

Polar expeditions in the twentieth century 
combined scientific discovery with adven- 
tures and exploration. Before the nineteenth 
century, economic considerations drove 
most of the initial explorations of the north- 
ern polar region by Europeans, as intrepid 
ship captains hoped to find a way to penetrate 
into Asian markets by a shorter route. In the 
nineteenth century, polar expeditions gained 
a quasi-scientific status because of the thrill of 
discovering new resources and the true geo- 
graphic and magnetic poles. By the twentieth 
century, the marriage of science and adven- 
ture was encapsulated by such expeditions to 
study the relatively unknown geologic, 
oceanographic, climatic, and meteorological 
conditions at the poles. Although most scien- 
tific expeditions were undertaken under na- 
tional auspices, with strategic or propaganda 
objectives in mind, they often served the in- 
terests of science as well. 

The thrill of adventure brought polar ex- 
peditions into public consciousness, and ex- 
pedition leaders became heroes. Many scien- 
tists were drawn to the expeditions, 
including the founder of the theory of conti- 
nental drift, Alfred Wegener (1880-1930), 
who died on the Greenland Ice Sheet in 
1930. The American Robert Peary 
(1856-1920) made celestial and magnetic 
observations on his journey to the North 
Pole; when he reached it in 1909, he pro- 
claimed that he had finally gotten the North 
Pole out of his system. He became an instant 


celebrity and disappointed the hopes of other 


Polar Expeditions 253 





After reaching the North Pole, American Robert Peary 


became an instant celebrity. However, historians have 
pointed out defects in his scientific observation techniques 
and some have suggested that these defects help to show that 
Peary fell short of reaching the pole by a hundred miles. 
(Library of Congress) 


nations to achieve this “first.” However, his- 
torians have pointed out defects in his scien- 
tific observation techniques; indeed, some 
have suggested that these defects help to 
show that Peary never really reached the pole 
at all, and fell short by a hundred miles. 
With the North Pole evidently reached, 
the South Pole on the continent of Antarctica 
became the next objective. In fact, Peary’s 
announcement spoiled the plans of the Nor- 
wegian Roald Amundsen (1872—1928) to go 
reach the pole. Amundsen quickly revised his 
plans and headed south, where a British ex- 
pedition already was planned, led by Robert 
Scott (1868-1912). Amundsen argued that 
because the British claimed to be conducting 
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scientific research, he did not feel that there 
was a competition. But the scientific ele- 
ments of the expedition, in Britain as well as 
in Norway, were secondary to achieving the 
goal of being “first.” In this case, the famed 
competition between the Norwegian and 
British teams ended in tragedy. Amundsen’s 
team was first to reach the pole, in 1911, and 
returned alive. Scott’s team arrived at the 
pole thirty-four days later, finding the rem- 
nants of Amundsen’s camp. The entire party 
died on the return trip, in 1912. 

In popular culture, polar explorers were 
the great national heroes of their time, com- 
bining virile endurance with scientific discov- 
ery. In 1914, Irishman Ernest Shackleton 
(1874—1922) embarked on an expedition to 
cross the Antarctic, but in 1915 his ship was 
caught in the ice and crushed. For five 
months, he and his men survived and they be- 
came British celebrities for their endurance. 
In 1926, Richard Byrd (1888—1957) became 
a U.S. celebrity for flying a plane to the 
North Pole. In 1937, Soviet pilot Valerii 
Chkalov (1904—1938) became a celebrity (in 
his own country) for being the first to fly 
over the North Pole from Moscow and land 
safely in the United States (in the state of 
Washington), breaking the nonstop long- 
distance flying record. That same year, 
Mikhail Gromov (1899—1985) followed up 
by making the same journey and landing in 
California. These scientists attained celebrity 
status upon their return, and the Soviet gov- 
ernment hailed them as conquering heroes. 

Scientific study received less attention 
from the press than exploration. Anthropol- 
ogist Vilhjalmar Stefansson (1879—1962), for 
example, began a series of ice-floe experi- 
ments and other explorations in the Canadian 
Arctic around the time of these more widely 
His studies 
yielded a great deal of knowledge about the 


known efforts in Antarctica. 


environment of the arctic and the nearby 
inhabitants, but his fame paled next to the 
explorers. Scientific research often en- 
tailed international cooperation rather than 
competition. In 1932—1933, several coun- 


tries organized the Second International 
Polar Year (the first was held fifty years ear- 
lier), designed to have numerous scientists 
take similar measurements in various places 
at roughly the same time. Magnetic, aurora, 
and meteorological observations dominated 
the scientific work during the Polar Year, 
conducted by a network of stations in the 
Arctic and Antarctic. The International Me- 
teorological Committee, which planned 
much of the year, hoped that the scientific 
work would have practical applications re- 
lated to terrestrial magnetism, marine and air 
navigation, wireless telegraphy, and the fore- 
casting of weather. 


See also Nationalism; Oceanic Expeditions 
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Popper, Karl 
(b. Vienna, Austria, 1902; d. London, 
England, 1994) 

Karl Popper was one of the most influen- 
tial philosophers of science in the first half of 
the twentieth century, rivaled only by Ernst 
Mach (1838—1916). The latter was noted for 
his strict empiricism, favoring experimenta- 
tion over abstract ideas. Mach’s point of view 
was critiqued by the Vienna Circle, a group 
of philosophers that included mathematicians 
and logicians such as Rudolf Carnap 
(1891—1970). The Vienna Circle philoso- 
phers tried to reevaluate Mach’s philosophy 
in ways that provided room for deductive 
logic and rational choice between competing 
theories. The philosophy of science dubbed 
logical positivism was the result. Popper was 
critical of both Mach and the Vienna Circle 
and of their beliefs that the positivist ap- 
proach could lead to greater certainty in sci- 
ence. For Popper, theories could never be 


absolutely certain, and any method that 
claimed to be able to verify theories beyond 
doubt was fundamentally flawed. 

Popper’s critique of Mach and the Vienna 
Circle compelled him to develop new criteria 
for legitimate, “scientific” knowledge, which 
he published in his Logik der Forschung (its Eng- 
lish edition was Logic of Scientific Discovery) in 
1935. Some members of the Vienna Circle 
had argued that ideas needed to be proven, or 
“verified.” Popper suggested a replacement 
for verification, namely, falsification. Instead 
of leaving it to scientists (or any producers of 
knowledge) to prove an idea to be true, he 
proposed that an idea can only be legitimate if 
there is a conceivable way to test it, to prove 
it false. Falsifiability thus became the critical 
criterion for the legitimacy of new ideas. Pop- 
per’s method began with a problem, requir- 
ing the investigator to propose a hypothesis, 
which would be subjected to refutation by 
theoretical criticism and a critical experimen- 
tal or observational test. This method differed 
from logical positivism in that it was not in- 
ductive—it did not begin with the facts, but 
rather with a problem. In addition, Popper’s 
method made no claim of establishing truth 
through logical means; instead, it established 
a system for eliminating false theories or hy- 
potheses, leaving the ones with the best ex- 
planatory power (though still subject to cri- 
tique). Although falsification is the term most 
often associated with Popper, his overall phi- 
losophy also was called critical rationalism. 
Aside from its value in providing a noninduc- 
tive method of scientific discovery, its 
strength as a philosophy was its ability to draw 
a boundary between science and pseudo- 
science—one falsifiable and the other not. 

Popper began his career in Austria, where 
he was in close proximity to the leading 
philosophers of the Vienna Circle. He took 
his doctorate in philosophy from the Univer- 
sity of Vienna in 1928. Because he was a Jew, 
he left Austria during the rise of Nazism in 
the 1930s, taking a university position in 
New Zealand. After World War II, he was 
invited to become a professor of philosophy 
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at the London School of Economics, and he 
accepted. He stayed there until he retired. 
Popper also critiqued political ideologies and 
was particularly hostile to Marxism (although 
he was himself a socialist as a teenager). He 
published The Open Society and Its Enemies in 
1945. It closely resembled his philosophic 
thought, warning that one should be wary of 
ideas that claimed absolute certainty; he 
noted that the best political (and scientific) 
systems were ones that permitted critique 
and discussion. Popper’s contributions to the 
philosophy of science were recognized with a 
knighthood in 1965. In broad terms, Pop- 
per’s outlook toward scientific activity was 
problem-oriented rather than topic-oriented, 
focusing on criticism of ideas rather than the 
random accumulation of data. This view 
proved to be the most widely accepted the- 
ory of the positive growth of knowledge until 
the 1960s, when it met a major challenge in 


the philosophy of Thomas Kuhn (1922—1996). 


See also Philosophy of Science 
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Psychoanalysis 

Although physicians studied mental disorders 
such as hysteria in the late nineteenth cen- 
tury, modern psychoanalysis began with Sig- 
mund Freud (1856—1939), who published 
The Interpretation of Dreams in 1900. Freud de- 
termined in the late nineteenth century that 
many mental problems, which he routinely 
saw through his own private practice, were 
connected to conflicts residing in the uncon- 
scious mind. He and his colleague Josef 
Breuer (1842—1925) had conducted hypnosis 
experiments that seemed capable of bringing 
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to light forgotten memories in patients, 
which had the “cathartic” effect of occasion- 
ally ending the neurotic behaviors simply by 
making the patient conscious of their proba- 
ble origins in a memory from the distant past. 
Although he had some success with hypnosis, 
Freud believed that analysis of dreams and 
fantasies could help bring these problems to 
light by moving them from the unconscious 
to the conscious mind. Hallmarks of psycho- 
analysis were concepts such as the repression of 
memories and the sublimation of erotic or ag- 
gressive instincts—that is, channeling them 
in other ways, such as through art or music. 
The purpose of psychoanalysis was to under- 
stand how the mind interacts with itself and 
with the environment, often creating mental 
problems (neuroses). 

By the early 1920s, Freud had refined his 
version of psychoanalysis. In his effort to cre- 
ate a new science of the mind, he developed 
a conception of mental dynamics based on 
fundamental human instincts—Eros and 
Thanatos, or life and death. The life instinct 
tended toward self-preservation and sexual- 
ity, driven by the libido (sexual energy). The 
death instinct was the cause of self-destruc- 
tive or aggressive behavior. These instincts 
made up the id, which was balanced by the 
superego, which reined in one’s instincts be- 
cause of norms of behavior acquired from ex- 
ternal influences (such as moral values 
learned from parents or teachers). The con- 
scious mind, the ego, was a product of these 
two forces in tension. 

Although Freud’s emphasis on sexuality, 
the overarching motivation of the life in- 
stinct, scandalized some scholars, psycho- 
analysis provided a tool to engage neuroses in 
a scientific way. Critics of Freud were taken 
aback by his willingness to ascribe human 
character to the development of the libido, 
which gave a paramount importance to erotic 
impulses. Yet the systematic analysis of 
dreams and memories had great appeal to 
physicians and psychiatrists—and patients— 
for whom strictly physiological studies had 
provided little aid in a clinical setting. 


Freud’s ideas attracted numerous scholars in 
Europe and North America; the first Interna- 
tional Psychoanalytical Congress took place 
in 1908 in Salzburg, Austria, which facili- 
tated its spread. 

Psychoanalysis became popular in the 
United States after 1909, when Freud and his 
protégés Alfred Adler (1870—1937) and Carl 
Jung (1875—1961) were invited to lecture at 
U.S. universities. One scholar has argued 
that somatic (body-oriented) approaches to 
mental disorders had reached a crisis point 
U.S. psychologists, 


Freudian psychoanalysis established a new 


among many and 
paradigm of thinking about the nature of neu- 
roses and how to treat them. In Russia, psy- 
choanalysis took root among intellectuals, 
and thus was widely appreciated by early rev- 
olutionaries such as Leon Trotsky. Under 
Joseph Stalin (1879—1953), however, psy- 
choanalysis was condemned because of its 
focus on the past. Stalin and other Soviet 
leaders believed that the implicit belief that 
the past inescapably shapes one’s life forever 
challenged Communist ideology in the sense 
that it seemed to deny the possibility of radi- 
cal improvement or change in behavior. Ac- 
cepting the possibility of such changes was 
crucial to ensuring the life of the Soviet state. 
Psychoanalysis itself acquired a reputation as 
a degenerate, immoral philosophy inextrica- 
bly tied to Western capitalism. 

Despite Freud’s foundational work, psy- 
choanalysis evolved in others’ hands. Both 
Adler and Jung, for example, broke with 
Freud. Jung became renowned for his theo- 
ries of collective unconscious memories, or 
archetypes. Like others, he was disturbed by 
Freud’s emphasis on sexuality, which he 
viewed as a potentially destructive instinct; 
Jung founded “analytical psychology” in the 
second decade of the twentieth century, 
breaking with Freudian psychoanalysis. 

The creation of psychoanalysis continues 
to be controversial. Freud initially believed 
that most neuroses, especially in women, 
were a result of repressed memories of 
trauma, specifically sexual assault during 


childhood. However, he later revised his 
view, claiming that unconscious memories 
were only part of many elements of the un- 
conscious, of which fantasies also played a 
crucial role. One author, J. M. Masson, has 
made a controversial claim that Freud in fact 
made an important discovery—that child 
abuse was far more prevalent than anyone re- 
alized—but the negative reactions of his 
peers convinced him to abandon his premise. 
However, psychoanalysis ultimately em- 
braced far more than repressed memories or 
even fantasies; it studied desires, guilt, 
shame, paranoia, aggression, self-loathing, 
and a host of other instincts and learned val- 
ues that—according to psychoanalysis—un- 
derpin the conscious self. 


See also Freud, Sigmund; Psychology 
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Psychology 

Psychology is the science of the mind and its 
processes. Although theories about how the 
human mind functions have been prevalent 
since ancient times, modern psychology was 
born in the late nineteenth century with ef- 
forts to turn it from a philosophical pursuit 
into a rigorous scientific discipline. Even by 
the turn of the century, “psychology” was not 
a separate field at all and was pursued by re- 
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searchers trained (and often working in) phi- 
losophy departments. Several schools of 
thought emerged among academic re- 
searchers by the early twentieth century, no- 
tably structuralism and functionalism, only to 
be dominated in the mid-twentieth century 
by behavioral psychology. Meanwhile, other 
outlooks captured the public imagination, 
particularly the work in psychoanalysis. 

The most well-known names associated 
with psychology in the twentieth century 
were Sigmund Freud (1856—1939) and Carl 
Jung (1875—1961). However, their “applied” 
psychology (working with clients to help 
with mental problems) was not entirely well 
received among researching psychologists. 
Freud published his Interpretation of Dreams in 
1900, and in subsequent years he developed 
his most influential ideas about the uncon- 
scious mind, identifying categories such as 
the id, ego, and superego. He founded psy- 
choanalysis, which focused on the individual 
and sought to address the unconscious mind 
as the interplay of sexual drive and past expe- 
riences. His goal in therapy was to bring 
these unconscious aspects into the conscious 
realm. Freud’s most famous student, Carl 
Jung, eventually broke away from psycho- 
analysis and its emphasis on sexuality, and de- 
veloped his own method of personality de- 
velopment called analytical psychology. One 
of his innovations was the controversial the- 
ory of the “collective unconscious” shared by 
society as a whole. He believed in the exis- 
tence of a series of universal archetypes, im- 
ages holding symbolic meaning, in the 
dreams and unconscious minds of all people. 

Mainstream research in psychology was 
less connected to personality development 
and much less focused on variables—such as 
dreams—open to a wide range of interpreta- 
tion. One of modern psychology’s principal 
founders, Wilhelm Wundt (1832—1920), 
began in Leipzig in the 1870s a school of 
physiological psychology in which he at- 
tempted to study human behavior in the con- 
text of very detailed studies of anatomy. He 
emphasized the role of organs such as those 
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One of modern psychology's principal founders, Wilhelm 
Wundt was an experimentalist who encouraged psychologists 
to frame their questions as a scientist would and to impose 
rigorous tests to support their findings. (National Library of 
Medicine) 


found in the central nervous system and at- 
tempted to locate the areas of important ac- 
tivity. Wundt was an experimentalist who 
encouraged psychologists to frame their 
questions as a scientist would and to impose 
rigorous tests to support their findings. Psy- 
chology’s tenuous status as a science was 
strengthened by his efforts, and the impulse 
to establish experimental guidelines to en- 
sure reliability proved extremely influential 
on psychologists in Europe. His approach, 
often called introspectionism, called on re- 
searchers to break down the consciousness 
into its most crucial elements and to analyze 
perceptions as a cluster of these elements. 
One of Wundt’s doctoral students, Ed- 
ward B. Titchener (1876—1927), took a posi- 
tion at Cornell University and was a major 
figure in spreading Wundt’s influence to the 
United States. Titchener was the key figure 
in developing one of the important trends in 


psychology, namely, structuralism. Set forth 
in Titchener’s An Outline of Psychology (1896), 
structuralism borrowed heavily from 
Wundt’s viewpoint and accepted the posi- 
tivist philosophy of German epistemologist 
Ernst Mach (1838—1916). His goal was to an- 
alyze mental experiences by breaking them 
down into component parts and to ascertain 
the laws governing their interaction. Like 
positivists in other scientific fields, he em- 
phasized the importance of accumulated fac- 
tual evidence rather than abstract theorizing. 
He constructed a system that categorized all 
processes as either sensation (received from 
sensory organs) or affection, or some combi- 
nation of the two. Titchener had enormous 
influence, especially in the United States, 
until his death in 1927. He opposed many 
currents in psychology, including mental 
testing, applied psychology (which, because 
it often focused on children or people with 
mental problems, detracted from his goal of 
establishing the laws governing the average 
adult mind), and especially behaviorism. 
Another school of thought in psychology 
was functionalism. Influenced by the U.S. 
psychologist William James (1842-1910), 
functionalism grew from a critique of 
Wundt’s and Titchener’s work, particularly 
their constrained approach. James noted that 
their efforts to identify elements of human 
consciousness implied universality. Claiming 
that this was not necessarily so, James argued 
in the late nineteenth century that humans 
adapt to their environments in different 
ways. He developed the concept of the 
stream of consciousness, observing that the 
mind is constantly adapting. It would be use- 
ful, then, to study different populations, such 
as children or people with disabilities. James 
had a strong influence upon John Dewey 
(1859-1952) and James Rowland Angell 
(1869-1949), who formed what became 
known as the Chicago school, emphasizing 
adaptation, the cornerstone of functionalist 
psychology. Titchener was explicit in sepa- 
rating structuralism from functionalism, and 
the two schools developed separately and in 


opposition in the first years of the century. 
The key difference was in the goal of their 
studies; while structuralism attempted to an- 
alyze and describe the laws governing psy- 
chological processes, functionalism was more 
teleological, attempting to ascertain “why” as 
much as “how.” What exactly was the func- 
tion of human consciousness (what was its 
purpose)? 

Although functionalism had a strong fol- 
lowing, behaviorism became the dominant 
trend in psychology. It drew upon the two 
existing schools of thought and also the ex- 
periments of Russian scientist Ivan Pavlov 
(1849-1936), who had demonstrated the 
power of behavioral conditioning in dogs. 
Behaviorism’s first outspoken advocate, the 
American John B. Watson (1878-1958), 
began as a functionalist under Angell’s men- 
torship. In 1913, he published an article in 
Psychological Review entitled “Psychology as 
the Behaviorist Views It,” which was widely 
influential in setting forth the basic tenets of 
the new school. Behaviorism treated the sub- 
ject as a machine responding to stimuli; thus, 
behavioral psychology became not only a 
method for understanding mental processes, 
but also a tool for shaping them. Radical be- 
haviorists such as Watson believed that any 
person, given a well-designed environment, 
could be shaped through behavioral stimuli 
into becoming a certain kind of person with 
particular proficiencies and desires. U.S. psy- 
chologist B. F. Skinner (1904—1990) demon- 
strated the primacy of behaviorism in the 
1940s and later with a series of experiments 
showing his concept of operant conditioning, 
in which certain operations (such as pulling a 
handle) were reinforced by a positive out- 
come (such as the release of food), thus lead- 
ing to a learned behavior. Radical behavior- 
ists believed that this is the basic dynamic of 
all psychology (and thus should inform edu- 
cation policy). Behaviorism was a very con- 
tentious theory because it provoked fears of 
mind control. In fact, Skinner became a con- 
troversial figure in the 1940s when he took 
his theories to their logical extension and 
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published a utopian novel, Walden Two 
(1948), arguing for a carefully planned and 
controlled society. 

Both functionalism and behaviorism were 
U.S. reactions to the introspection approach 
of Wundt and Titchener. In Europe, another 
major critique arose, called Gestalt psychol- 
ogy. This German word means form, and in 
psychology it refers to the efforts to reaffirm 
the importance of a holistic perception (of 
the whole form rather than its parts), as op- 
posed to breaking down perceptions into el- 
ements, as Wundt had proposed. This was in 
part a reaction against Wundt’s atomistic 
outlook about isolated elements of percep- 
tion, but also it was an effort to ensure that 
psychology did not alienate the philosophers, 
whose approach was more holistic. Because 
philosophers and psychologists usually be- 
longed to the same academic departments, 
and philosophers had attempted in 1912 to 
ban experimental psychologists from aca- 
demic chairs, some accommodation was 
wise. Holism was also trendy in Weimar 
Germany, because it eschewed barren, me- 
chanical outlooks in favor of vitalized, quasi- 
Romantic views. The key figure in the Gestalt 
movement was Max Wertheimer 
(1880-1943), the cofounder of the journal 
Psychological Research. In 1924, Wertheimer 
gave an address explaining Gestalt psychol- 
ogy, decrying efforts to conceive the practice 
of science solely in terms of breaking down 
complexes into component parts; instead, he 
argued that some wholes cannot be explained 
as the sum of their parts, and that Gestalt psy- 
chology addressed this by probing the mind 
as a whole, analyzing issues that were inher- 
ent only to the whole and not to the parts. 
Wertheimer and other prominent Gestalt 
psychologists such as Wolfgang Kohler 
(1887-1967) and Kurt Koffka (1886-1941) 
continued to be influential, but the Gestalt 
movement never proved as powerful as be- 
haviorism, particularly in the United States. 
Its lasting contribution was the philosophical 
one that challenged the conventional atom- 
istic view of science. 
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Public Health 

Public health describes efforts to keep entire 
populations in good health; it requires the co- 
operation of scientists, physicians, and public 
officials, who together make policies to en- 
sure the health of the general populace. At 
the turn of the twentieth century, public 
health was in a period of change owing to ad- 
vances in bacteriology. In the nineteenth cen- 
tury, public health typically concentrated on 
controlling infectious disease by the im- 
provement of sanitation in urban areas where 
diseases such as cholera often had flourished. 
Such efforts entailed bringing clean water 
into cities and building sufficient sewage fa- 
cilities, as well as providing for garbage col- 
lection and disposal. The basic assumption of 
these measures was that dirt caused disease. 
But in the final decades of the nineteenth cen- 
tury, urban laboratories identified specific 
bacteria and developed the means to combat 
individual diseases. Instead of sanitation, 
public health measures emphasized therapy, 
using antitoxins developed by scientists in 
laboratories. For example, boards of health 
in U.S. cities such as Newark, New Jersey, 
began to use antitoxins against diphtheria in 
the late 1890s. Although this benefited many 
of those suffering from disease, it also de-em- 
phasized the importance of public sanitation 
and diminished the sense of public responsi- 


bility for the state of the urban environment. 
Boards of health in Europe and North Amer- 
ica used the discoveries of German scientists 
Paul Ehrlich (1854-1915) and Robert Koch 
(1843-1910), notably Koch’s isolation of the 
bacterium causing tuberculosis, to focus in- 
stead on curing specific diseases with specific 
remedies. These therapeutic remedies would 
act, Ehrlich famously hoped, as magic bul- 
lets, identifying and killing the deadly organ- 
ism without harming any other part of the 
victim’s body. 

Despite the new methods, a more holistic 
approach to public health did not completely 
disappear in the twentieth century. This was 
partly because of the practical difficulty of 
isolating carriers of disease. Doing so would 
have required the state to impose its will on 
seemingly healthy individuals who, according 
to urine tests, happened to be carrying deadly 
diseases such as typhoid fever. Naturally 
those people who were suffering from the ill- 
ness had to be treated differently than those 
who were living healthy lives while carrying 
the microbe. U.S. public health official 
Charles Chapin (1856-1941), in his book 
Sources and Modes of Infection (1910), argued 
that other approaches were required, such as 
training carriers to work in jobs that would 
be least likely to spread the disease (for ex- 
ample, carriers would avoid working in the 
food industry). 

Public health was often connected to other 
impulses in society, such as social purifica- 
tion. The eugenics movement, popular in the 
United States, Britain, and Germany, sought 
to improve the health of the race as a whole 
by promoting social reforms to encourage or 
discourage breeding within the disparate 
groups of the population. In Germany, such 
efforts at Rassenhygiene (racial hygiene) were 
not part of an extreme political movement, 
but were integrated into mainstream public 
health measures. These were not, as later as- 
sociations with Nazi Germany might suggest, 
necessarily designed to promote the Nordic 
or Aryan ethnic groups; in fact, many eu- 
genicists opposed designing laws that would 
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Patient receiving treatment for syphilis in public health service clinic-on-wheels, Wadesboro, North Carolina. (Library of 


Congress) 


shape the nation exclusively to favor these 
groups. Instead, they hoped to promote 
measures to encourage breeding among the 
most socially or culturally productive people, 
which made eugenics in Germany (as in the 
case of the United States and Britain) prima- 
rily a class-based social reform effort. How- 
ever, by the 1930s, eugenics in Germany ac- 
quired a strong racial basis. Aside from 
efforts to limit the influence of Jews and iso- 
late them (and later, to murder them on a 
massive scale), Germany under Adolf Hitler 
(1889-1945) concerned itself with broad 
public health issues. Hitler, himself a vege- 
tarian, tried to curb smoking and to eliminate 
environmental causes of cancer, with mixed 
successes. His government’s efforts to quar- 
antine and eliminate Jews—a racial hygiene 
measure—was closely tied to his outlook 
about public health in general. 


Some of the deadliest diseases that 
menaced public health until the develop- 
ment of penicillin were venereal diseases. 
No “magic bullet” was discovered for dis- 
eases such as syphilis, and the problem of 
controlling its spread was compounded by 
the fact that it had many negative social con- 
notations. In the United States, Progressive- 
era public health officials attempted to com- 
bat the disease by closing down brothels, 
arresting prostitutes, and instigating propa- 
ganda campaigns against vice (the last was 
deemed necessary to persuade U.S. soldiers 
not to venture into French brothels during 
World War I). Venereal diseases were con- 
nected to sin, as products of sexual promis- 
cuity, and often the victims were too 
ashamed to admit they had the disease and 
were not treated. The most effective treat- 
ment for syphilis was a chemical therapy 
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called Salvarsan. But ostensibly for public 
health reasons, this treatment was not 
always used. A notorious example occurred 
between 1932 and 1972, when a group of 
African American men in Tuskegee, Ala- 
bama, became unwitting participants in an 
experiment sponsored in part by the U.S. 
Public Health Service to observe the effects 
of untreated syphilis. None of them were in- 
formed that they had the disease, but were 
instead told that they had bad blood; they 
were not treated, either, even after the 
development of penicillin. 

The greatest threats to public health, 
namely, infectious diseases, were curbed dra- 
matically during World War II. British and 
U.S. soldiers benefited from the develop- 
ment of penicillin, which was an uncom- 
monly effective killer of bacteria. Although 
discovered before the war, penicillin began 
to be mass-produced in the United States in 
the 1940s and helped to eliminate a host of 
diseases. In the postwar period, penicillin and 
other antibiotics became the most effective 


and commonly implemented weapons against 
diseases, to prevent widespread breakdowns 


in public health. 
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Quantum Mechanics 

Because Max Planck’s (1858—1947) quantum 
theory revised the notion of energy, by de- 
scribing it in chunks or packets rather than a 
continuous stream, theoretical physicists 
tried to develop an entirely new system of 
mechanics. The development of quantum 
mechanics in the 1920s, despite being less 
well known than the theories of relativity, 
was the most fundamental innovation in 
physical science in the first half of the twenti- 
eth century, because of the establishment of a 
new system of physics and the construction 
of a philosophical worldview that appeared to 
deny the possibility of a complete under- 
standing of reality. 

One of the principal figures in the devel- 
opment of the new mechanics was German 
physicist Werner Heisenberg (1901—1976). 
His version of quantum mechanics, often 
called matrix mechanics, was expressed in 
equations and emphasized mathematical rela- 
tionships. Heisenberg’s matrix mechanics de- 
scribed the natural world in terms of statistics 
and probabilities. It had some curious charac- 
teristics, such as the fact that the traditional 
notion of commutative multiplication did not 
appear to apply (in matrix mechanics, the re- 
sults of multiplication depends on the order 
in which two variables are multiplied). The 


details of matrix mechanics were worked 
out, beginning in 1925, not only by Heisen- 
berg, but also by German colleagues such as 
Max Born (1882—1970) and by the English- 
man Paul Dirac (1902—1984), who ex- 
pressed quantum relationships in a more co- 
herent mathematical formulation than did the 
others. 

Newtonian mechanics appeared to be a 
special case of the more inclusive quantum 
mechanics. Isaac Newton’s (1642—1727) 
laws did not apply to the subatomic scale. 
Knowledge of the velocity of an electron, 
for example, would give an imperfect pic- 
ture of where its location might be over 
time, because motion occurs in “jumps.” 
Thus precise, deterministic notions of cause 
and effect were cast aside in favor of proba- 
bilistic equations. In 1927, Heisenberg 
added to his quantum mechanics the princi- 
pal of uncertainty, which extended the lack 
of determinism to the present. Not only 
could physicists not accurately predict fu- 
ture events, they also could not precisely 
understand present conditions. Because 
light itself carries inertia, it is impossible to 
construct an experiment in which human 
beings can observe nature at the subatomic 
scale. Light photons, needed for human ob- 
servation, would disrupt the experiment by 
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colliding with electrons and kicking them. 
The uncertainty principle noted that the 
crucial variables in quantum mechanics, 
such as the position and momentum of elec- 
trons, could never be known simultane- 
ously. The more one knew about position, 
for example, the less one knew about mo- 
mentum, and vice versa. No precise picture 
of present reality can be determined (it is 
also called the indeterminacy principle). 
Matrix mechanics dissatisfied many physi- 
cists because of its abstract, mathematical 
character. It was a description of mechanics 
that appeared to represent nothing real. 
physicist 
(1887-1961) proposed instead a new me- 


Austrian Erwin Schrodinger 
chanics, called wave mechanics, which im- 
mediately enticed other physicists. Here was 
a description of energy and matter that was 
proposed in comprehensible terms, using a 
construct (waves) to which physicists were 
already accustomed. It built on the notion, 
proposed by French physicist Louis De 
Broglie (1892—1987), that electrons might 
behave as waves, just as light waves ap- 
peared—according to Albert Einstein’s 
(1879-1955) notion of photons—to act like 
particles. Schrödinger was part of the older 
generation and did this remarkable work in 
his late thirties. Although wave mechanics 
certainly broke with traditional physics, it 
was conservative in the sense that it was ex- 
pressed in terms that could be visualized. 
The two pictures of mechanics, matrix 
mechanics and wave mechanics, appeared to 
be opposed fundamentally. Matrix mechan- 
ics built upon Einstein’s notion that light 
acted like a particle, and all the mathemati- 
cal variables were stated as if they were par- 
ticles (using variables such as momentum 
and position). Wave mechanics, by contrast, 
was based on the idea that all matter and en- 
ergy behave as waves, not particles. More 
startling than the contradiction, however, 
was the fact that both descriptions of me- 
chanics equally appeared to be capable of de- 
scribing the quantum world. Neither theory 
was clearly superior to the other. To Heisen- 


berg’s disdain, many physicists preferred 
Schrödinger’s formulation because wave 
mechanics at least had the merit that it could 
be visualized. 

The “Copenhagen interpretation” of quan- 
tum mechanics, named because it was domi- 
nated by the views of Danish physicist Niels 
Bohr (1885—1962), tried to reconcile the 
two systems of mechanics. Bohr proposed, 
in what was called the principle of comple- 
mentarity, that each was equally valid. Nei- 
ther was completely correct, but together 
they could explain various phenomena. Elec- 
trons appeared to have both properties, but 
never at the same time. The two outlooks 
complemented each other. Like Heisen- 
berg’s uncertainty principle, Bohr’s princi- 
ple appeared to challenge the most funda- 
mental notions of science. It required 
physicists to accept the counterintuitive idea 
that matter has a dual nature. 

Bohr and Heisenberg came to the conclu- 
sion that the principles of uncertainty and 
complementarity were closely related. Un- 
certainty was based on the idea that more 
precise knowledge of an electron’s position 
gave less precise knowledge of its momen- 
tum, and vice versa. Similarly, waves do not 
themselves have an exact position, but they 
do have momentum. In this sense, the more 
one knew about the wave properties of mat- 
ter, the less clear the particle notion be- 
came, and vice versa. In fact, the wave and 
particle natures would never—and could 
never—be observed at the same time. What 
we observe in nature, Bohr asserted, is sim- 
ply an answer to a question posed by our- 
selves, based on our conceptions. If the ex- 
periment is designed based on notions of 
waves, we will see waves. If we are looking 
for particles, we will see particles. Bohr 
went on to conclude that it is meaningless to 
describe reality as it exists separately from 
human experiment. This interpretation pro- 
voked sharp disagreement among physicists 
and philosophers, because it appeared to 
abandon the idea that theories could be de- 
veloped to describe physical reality. 
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Quantum Theory 

Quantum theory was first formulated in 
1900 by German physicist Max Planck 
(1858—1947). Although Planck was seeking 
a way to consolidate classical physics with 
the laws of thermodynamics developed in 
the nineteenth century, he in fact discov- 
ered a phenomenon about the nature of 
energy that challenged the foundations of 
classical physics. The ideas of quantum 
physics transformed physicists’ understand- 
ing of nature, leading (among many things) 
to a comprehensible model of atomic struc- 
ture, to a new system of mechanics, and to 
atomic fission—and thus to nuclear 
weapons and energy. 

The quantum initially was proposed as a 
solution to the blackbody problem in 
physics. A blackbody is a solid that, when 
heated, emits light that will produce a 
perfect spectrum. According to classical 
physics, in which the amount of energy re- 
leased is proportional to frequency of radi- 
ation, higher frequencies would lead to ex- 
traordinarily high energy releases in the 
ultraviolet portion of the spectrum (where 
frequencies were high). But here theory 
did agree with observation, because such 
levels of energy did not really occur. This 
was often referred to as the ultraviolet ca- 
tastrophe, a theoretical conundrum in 


which vast amounts of energy were ex- 
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pected yet none were actually present. To 
avoid the catastrophe—that is, to develop 
a theoretical explanation that agreed with 
observation—Planck employed a mathe- 
matical device, a constant. In Planck’s for- 
mulation, energy (E) was proportional to 
frequency (v), multiplied by a very small 
constant (h). His equation E = hv repre- 
sented that relationship. The constant, h, 
would ensure that energy itself would 
always be a multiple of a small, indivisible 
amount. In other words, Planck wished to 
avoid allowing nature to release energy 
continuously. 

Planck’s mathematical solution, if taken as 
a measure of reality and not simply as a de- 
vice to fix a mathematical equation, pointed 
to a significant ramification: Energy is not 
continuous, but is instead separated into dis- 
crete, indivisible chunks, or packets. 
Planck’s constant, h, required a reformula- 
tion of some of the fundamental precepts of 
classical physics, taking into account the 
discontinuous nature of the new “quantum” 
physics. One of the first to realize the 
consequences was Albert Einstein (1879— 
1955), who assessed Planck’s innovation as 
one of the most important in physics. In 
1905, Einstein used quantum theory to for- 
mulate his own conception of light quanta, 
known as photons. Conceptualizing light as 
broken up into photons, Einstein determined 
that light carries inertia and thus must be 
equivalent to a certain amount of mass. His 
recognition of this relationship, impossible 
without the advent of quantum theory, 
formed the basis of his famous equation, 
E = mc’, which later became the theoretical 
underpinning of the development of nuclear 
weapons and energy. 

An application of quantum theory to an 
outstanding problem left unsolved by classi- 
cal physics was made by Danish physicist 
Niels Bohr (1885—1962) in 1913. Since the 
discovery of radioactivity in the last years of 
the nineteenth century, scientists had de- 
bated the structure of the atom itself. A new 
model of the atom was proposed by Ernest 
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Quantum theory was first formulated in 1900 by German physicist Max Planck, pictured here. (Library of Congress) 


Rutherford (1871—1937), who suggested 
the existence of an atomic nucleus in 1911. 
He formulated a “planetary” model with a 
tiny nucleus surrounded by orbiting elec- 
trons. The outstanding critique of this 
model was that these electrons should re- 
lease energy continuously as they moved in 
orbit, and the electrons themselves would 
simply collapse into the nucleus. Bohr 
“saved” the Rutherford atom by noting that 
with quantum physics, the atom only radi- 
ates energy when an electron shifts its orbit. 
The orbits, arranged like layers of a shell 
surrounding the nucleus, were separated by 
quantum distances. When an electron 
moves closer to the nucleus, it shifts quan- 
tum orbits, and the atom releases energy. 


As the atom gains energy (as by heating), the 
electron is obliged to shift to an outer orbit 
to accommodate the energy. The electron 
will come no nearer to the nucleus than the 
innermost quantum orbit, thus disallowing 
collapse even in atoms that have released the 
vast majority of their energy. 

Bohr’s work firmly established both quan- 
tum theory and the Rutherford atom, and he 
was recognized for his efforts by being 
awarded the Nobel Prize in Physics in 1922. 
But quantum theory was far from complete, 
and far from widely accepted. One of the 
principal ways in which the idea spread was 
through international conferences, particu- 
larly those sponsored by Belgian industrialist 
Ernest Solvay (1838—1922). Planck and 


Einstein became the principal figures in a 
new brand of theoretical physics, although 
the connections between quantum theory 
and Einstein’s theories of relativity were 
rarely clear, and the two occasionally 
sparred intellectually. Physicists recognized 
that a new system of mechanics would be re- 
quired to replace classical physics, because 
classical physics assumed that energy was 
continuous. Accommodating discontinuity 
at the subatomic scale became the principal 
concern of those physicists in the 1920s who 
attempted to develop quantum mechanics. 
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Race 

Although racism has existed for centuries, the 
nineteenth century saw new disciplines such 
as anthropology and ethnology providing sys- 
tematic “scientific” studies that seemed to re- 
inforce racism. Such studies included measur- 
ing skulls, weighing brains, and describing 
facial shapes. By categorizing the world’s 
races, either hierarchically or according to 
some other index, one could differentiate be- 
tween them and assign superiority and inferi- 
ority to them. Despite the importance of 
Darwinian evolution—which denied hierar- 
chy—these conceptions proved powerful 
until the middle of the twentieth century and 
beyond. The widespread belief among whites 
in their own racial superiority was, in the first 
half of the twentieth century, supported by 
pronouncements of white scientists. 

There were some exceptions to this rule. 
Celebrated U.S. anthropologist Franz Boas 
(1858-1942), for example, spoke out 
strongly against stereotypes of Africans and 
against widespread fears of racial corruption 
from immigration. In 1906, he gave an ad- 
dress on achievements by Africans at Atlanta 
University, a speech that was an inspiration 
to African American intellectual W. E. B. Du 
Bois (1868—1963). Yet although Boas was an 
egalitarian politically, he felt constrained by 


his belief, based on nineteenth-century find- 
ings, that there were indeed inequalities in 
mental capacity based on undeniable physical 
differences. Still, he was opposed to the idea 
prevalent among Americans that the influx of 
immigrants was a challenge to pure racial 
stocks, and he pointed out that there had 
been plenty of mixing among races in Europe 
and elsewhere before they ever got to the 
United States, and that the existence of 
“pure” types in Europe was a myth. The 
threat to racial purity in the United States, he 
said, was imaginary. 

Despite the efforts of Boas and others to 
dispel racist attitudes, scientific racism was 
reinforced in a number of ways. One of them 
was intelligence testing. The intelligence 
quotient (IQ) tests, developed by French 
psychologist Alfred Binet (1857—1911) to 
identify children in need of special attention, 
were used by U.S. scientists to gauge the 
comparative intelligence of entire peoples. 
In the 1910s, Henry Herbert Goddard 
(1866—1957) drew some far-reaching impli- 
cations from his IQ studies of recent immi- 
grants to Ellis Island. He concluded that the 
vast majority of immigrants from Eastern Eu- 
rope, many of them Jews, were “feeble- 
minded.” Were these people racially inferior 
to native-born Americans whose ancestry 
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came from western and northern parts of Eu- 
rope? Although today scientists would em- 
phasize the importance of education, lan- 
guage ability, and general familiarity with the 
nature of the test (for example, some of the 
subjects had never before held a pencil), at 
the time the results appeared to present a sci- 
entific finding of the utmost importance. 
Even given the tenuous nature of the conclu- 
sions, IQ tests lent credence to attitudes that 
these new immigrants were of an inferior 
racial type. 

Eugenics appeared to provide powerful 
evidence that some peoples were inferior, 
and it provided a method for stopping the 
negative effects of inferior races on large 
populations. Karl Pearson (1857—1936), 
who was a leading proponent of population 
studies and was a Darwinist, believed that 
there was plenty of room in evolution for the 
existence of lower races, even if one aban- 
doned the concept of hierarchy. Eugenics 
was a movement that emphasized good 
breeding, urging not only scientific study, 
but also an entire social program designed to 
eliminate elements that corrupted society as 
a whole. Pearson and others believed that 
such policies would increase the average 
character of the race as a whole, making it 
more likely that new babies would have de- 
sirable traits. The population could be im- 
proved, Pearson argued, by preventing unde- 
sirable elements of society from procreating. 
Eugenics laws were enacted in several coun- 
tries, including the United States and Britain, 
to compel sterilization of those believed to 
pose a risk to the population. These typically 
did not target races, however, but rather 
people with mental retardation. 

Eugenics and social Darwinism posed a 
paradoxical vision of the world that was both 
stark and hopeful. Social Darwinists took 
Charles Darwin’s (1809—1882) nineteenth- 
century concept of natural selection and ap- 
plied it to human societies, insisting on racial 
competition for the world’s resources. In ad- 
dition to this brutal competition, eugenics of- 
fered the promise of racial improvement, to 


increase the likelihood that one’s race could 
compete effectively. Both ideas informed the 
thinking of leading scientists and social re- 
formers in Europe and North America, but 
they saw their clearest and most destructive 
manifestation in the policies of Nazi Ger- 
many. Nazis such as Adolf Hitler 
(1889—1945) believed that Jews were cor- 
rupting the health of the German people as a 
whole, presenting a challenge to their ability 
to compete with other nations of the world. 
In an effort to bar Jews from full participation 
in German society, the Nuremberg Laws, 
passed in 1935, created new requirements 
for German citizenship along racial lines. 
These laws denied the rights of Jews to vote 
or hold public office and forbade German cit- 
izens from marrying Jews or having any sex- 
ual relations with them; the laws also forbade 
Jews from employing female household staff, 
all in the name of protecting German blood 
and honor. 

Toward the late 1930s, two develop- 
ments challenged prevailing views about 
racial categories. One was the acceptance in 
the 1920s of a new synthesis of Mendelian 
genetics and Darwinian natural selection— 
the modern synthesis, it has been called. 
Darwin’s strongest critics in the scientific 
community now found a way to accommo- 
date his ideas, and the idea of racial hierarchy 
(along with the idea of a chain of being that 
puts all living organisms on a ladder of supe- 
riority and inferiority) seemed more spuri- 
ous than ever. The other cause of the change 
was the appalling racial laws and harsh treat- 
ment of Jews in Nazi Germany, which some 
believed to be an extreme result of an excess 
zeal for “scientific” racial theories. After 
World War II, the American Jewish Con- 
gress used new findings from the social sci- 
ences to attempt to end discrimination in the 
United States. But the uncertainties of re- 
search on race made this difficult; still, 
drawing on such efforts and the more-suc- 
cessful efforts of the National Association for 
the Advancement of Colored People, the 
Supreme Court ruled against racial segrega- 


tion in the landmark 1954 case Brown v. Board 
of Education. Yet despite these events, the 
idea that one’s attitudes about racial superi- 
ority were supported by science and that 
belief in absolute equality was a naive wish 
continued well into the second half of the 
twentieth century. 
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Radar 

Although the atomic bomb was the best- 
known scientific accomplishment of World 
War II, radar was far more decisive in win- 
ning the war itself. Radar was used to deter- 
mine the distance and direction of unseen ob- 
jects by the reflection of radio waves. The 
name means “radio detection and ranging.” 
Unlike the atomic bomb, radar technology 
existed prior to the war and already had been 
developed for military use, using radio waves 
that were more than a meter long. The pos- 
sibilities of using radio waves for detection 
had been predicted by Guglielmo Marconi 
(1874-1937), the pioneer of communication 
technology. 

Workable radar systems were pursued 
prior to and during World War II by at least 
eight countries: the United States, Britain, 
France, Germany, the Soviet Union, the 
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Netherlands, Italy, and Japan. The Naval 
Research Laboratory was one of a few U.S. 
institutions that developed long-wave radar 
in the 1930s. British physicist Robert 
Watson-Watt (1892-1973) typically re- 
ceives credit for the “invention” of radar, be- 
cause in 1935 he proposed detecting aircraft 
with radio methods, and his work led to the 
British “Chain Home” system of stations that 
were built to detect enemy aircraft, installed 
just prior to the outbreak of war. In Britain, 
interest in radar largely came from the Royal 
Air Force as it expanded, prompted by the 
efforts of physicist Sir Henry Tizard 
(1885-1959). He and other physicists, no- 
tably Edward G. Bowen (1911-1991), began 
an intensive effort in 1935 to use radar tech- 
nology for detecting airplanes. In 1936 at 
Bawsey Manor, a British team developed the 
first successful airborne detection system. 
Improvements over the next several years 
were interrupted by the war in 1939. The 
team repeatedly was obliged to change head- 
quarters, and the future of this militarily im- 
portant technology became uncertain. The 
radar system put into place prior to the war 
helped ensure British success in the summer 
of 1940 during the Battle of Britain, the 
struggle for air superiority between the Ger- 
man Luftwaffe and the Royal Air Force. 
Also in the summer of 1940, British prime 
minister Winston Churchill (1874-1965) 
sent a group of defense scientists to Canada 
and the United States to promote the idea of 
scientific and technical cooperation. This 
team was led by Tizard, who visited numer- 
ous high-level American scientists and ad- 
ministrators. One of them was the wealthy 
financier Alfred L. Loomis (1887-1975), 
who was well aware that radar technology 
could prove very useful should the United 
States enter the war. At the time, most radar 
sets operated with long wavelengths of a 
meter or more. British scientists had been 
developing radar on the scale of centimeters. 
Also called “microwave” systems because the 
wavelengths were much shorter, centimetric 
radar promised to be more accurate and 
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required a smaller apparatus. It would be 
ideal for locating aircraft and differentiating 
between targets. When the Tizard Mission 
arrived, Loomis’s group realized that the 
British secretly had developed precisely what 
the Americans lacked, namely, a device capa- 
ble of generating microwaves of sufficient en- 
ergy. In Loomis’s estimation, this device, 
called the cavity magnetron, saved the U.S. 
group two years of work. In exchange, the 
Americans helped the British to develop the 
magnetron into a full-scale airborne intercept 
system to defend against German planes in 
Britain. 

The Tizard Mission began a fruitful coop- 
eration between the British and the Ameri- 
cans, and a U.S. radar project was established 
under the National Defense Research Com- 
mittee. Centered at the falsely named Radia- 
tion Laboratory (Rad Lab) of the Massachu- 
setts Institute of Technology, the radar 
project broke away from the U.S. military’s 
long-wave system and concentrated on mi- 
crowaves. The U.S. team developed a work- 
ing air-to-surface system in August 1941, to 
help planes detect surface ships (and sub- 
marines when coming up for air). The Navy 
adapted this system for use aboard their de- 
stroyers. Once the United States entered the 
war in late 1941, both the Navy and the Air 
Corps were using the Rad Lab’s system. This 
technology proved decisive in turning the 
tide of war at sea, where German submarines 
initially had reigned supreme. 

Physicists during the war gradually were 
redirected to other projects, notably the ef- 
fort to build an atomic bomb, but radar had 
proven its worth and was developed vigor- 
ously throughout the war. It was used far 
more effectively in the Atlantic theater of op- 
erations than in the Pacific, where the U.S. 
fleet initially was equipped with only the 
longer-wave systems. When the fighting 
ended, research on radar continued and rev- 
olutionized other scientific fields. For exam- 
ple, it stimulated the growth of radio astron- 
omy, the study of nuclear magnetic resonance, 
and the development of transistors. 


See also Marconi, Guglielmo; Patronage; World 
War II 

References 

Bowen, E. G. Radar Days. Bristol: Adam Hilger, 
1987. 

Brown, Louis. A Radar History of World War II: 
Technical and Military Imperatives. Philadelphia, 
PA: Institute for Physics Publishing, 1999. 

Buderi, Robert. The Invention that Changed the 
World: How a Small Group of Radar Pioneers Won 
the Second World War and Launched a 
Technological Revolution. New York: Simon & 
Schuster, 1996. 

Guerlac, Henry E. Radar in World War I. New 
York: American Institute of Physics, 1987. 

Kevles, Daniel J. The Physicists: The History of a 
Scientific Community in Modern America. 
Cambridge, MA: Harvard University Press, 
1995. 


Radiation Protection 

The discovery of X-rays and radioactivity at 
the close of the nineteenth century seemed 
not only to revolutionize physics but also to 
aid in medical technology. But soon it be- 
came clear that too much radiation could be 
harmful, as doctors who routinely were ex- 
posed to X-rays developed debilitating ill- 
nesses. Marie Curie’s (1867—1934) isolation 
of radium produced a fascination with the 
mysterious glowing substance; radium was 
painted onto watch dials to glow in the dark, 
and charlatans mixed radium into tonics and 
marketed them as miracle drugs for wealthy 
but gullible buyers. In the 1920s, a group of 
watch dial painters, soon dubbed the radium 
girls, developed cancers in their mouths, hav- 
ing moistened the tips of their paintbrushes 
with their own saliva. A radium elixir, Ra- 
dithor, killed a wealthy socialite named Eben 
M. Byers (1880—1932) in 1932. 

Radiation was harmful, scientists soon 
concluded, whenever it had enough energy 
to ionize atoms in the material it contacts. 
There are many kinds of radiation, including 
ordinary light; scientists were concerned 
only with ionizing radiation, such as X-rays 
or the products of radioactive decay, which 
clearly had serious but poorly understood bi- 


ological effects. The widespread use of X- 
rays during World War I led British scientists 
to form a radiation protection committee in 
1921; its goal was to educate the public and 
all users of radiation-producing instruments 
about the potential hazards. In 1928, these 
and other scientists established the first inter- 
national body to advise on—not to regu- 
late—the levels of radiation that might be 
deemed safe, the International X-Ray and 
Radiation Protection Committee. The fol- 
lowing year, U.S. scientists formed a national 
counterpart, the Advisory Committee on X- 
Ray and Radium Protection. Headed by 
physicist Lauristen S. Taylor (1902—), who 
was the U.S. representative to the interna- 
tional committee, the U.S. body closely re- 
flected the international consensus. 

The problem of radiation protection rose 
to a high level in the Manhattan Project dur- 
ing World War II, when it became clear that 
the world increasingly was going to rely on 
nuclear weapons and nuclear power, mean- 
ing a host of problems related to radiation 
protection. In the United States, a new breed 
of expert arose called the health physicist, 
whose knowledge had to include genetic and 
somatic effects of radiation, necessitating a 
broad understanding of physics, biology, and 
even politics. These experts worked in the 
national laboratories, first built to serve nu- 
clear production facilities in the United 
States; soon such experts appeared in other 
countries with nuclear ambitions, such as the 
Soviet Union, Britain, and France. 

Although U.S. standards for radiation pro- 
tection had followed international recom- 
mendations prior to the war, the reverse was 
true in the postwar period. The Americans 
broadened and renamed their committee the 
National Committee on Radiation Protection 
in 1946; the international body, renamed the 
International Commission on Radiological 
Protection, followed the Americans’ lead. 
The NCRP worked closely with the Atomic 
Energy Commission (AEC), and, despite 
declarations that the two bodies worked in- 
dependently, individuals in one often served 
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in the other. The two bodies came into con- 
flict often in the postwar era, as in the case of 
the AEC’s efforts to review a 1947 report 
about the harmful effects of medical X-rays, 
prior to publication. Although the AEC os- 
tensibly was concerned that the NCRP might 
inadvertently disclose classified information, 
it was also hoping to avoid publication of 
statements that might alarm the public about 
its practices. 

The NCRP revised the terminology of ra- 
diation protection to reflect changes in atti- 
tudes. For example, geneticists asserted that 
any amount of radiation would cause genetic 
mutations to occur, and these mutant genes 
would be inherited from one generation to 
the next. Although somatic (bodily) damage 
might not be discernable, the genetic effects 
of radiation exposure could threaten human 
descendants. Thus the NCRP concluded that 
no amount of radiation was absolutely harm- 
less, and the recommended thresholds of ex- 
posure were no longer called tolerance doses. 
That term had implied that there was a 
threshold of exposure, below which people 
could consider themselves safe. Instead, the 
NCRP adopted the term permissible dose, a de- 
cision that admitted harmful effects and 
treated exposure as a matter of balancing 
risks. By the late 1940s, the NCRP estab- 
lished a new weekly permissible dose based 
on exposure to vulnerable body tissue such as 
those of the gonads and eye lenses. 

Defining permissible doses became con- 
troversial because various groups—the AEC, 
the NCRP, the ICRP, and others—rarely 
agreed on the technical parameters required 
to ensure safety and never agreed on whether 
the statistical costs of biological damage were 
worth the benefits of maintaining U.S. lead- 
ership in an arms race with the Soviet Union. 
Mistrust of the government struck many 
leaders as misplaced, because the whole pur- 
pose of having nuclear weapons and develop- 
ing nuclear power was for the greater good of 
the nation. Yet the fears proved well 
founded. In the 1990s the U.S. government 
acknowledged that, in its efforts to identify 
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safe levels of radiation exposure, the AEC se- 
cretly had injected unknowing patients with 
plutonium in the late 1940s. Patients in hos- 
pitals in New York, Illinois, California, and 
Tennessee became unwitting experimental 
subjects. The AEC scientists believed none of 
the patients were at risk of getting cancer, 
because they chose patients who were near 
death anyway. In most cases they were cor- 
rect, but to the AEC’s surprise, many of the 
patients lived for many years. The AEC also 
conducted experiments in which it fed ra- 
dioactive iron or calcium to children at a 
school for the mentally retarded. The con- 
sent forms misled parents to believe that the 
experiments might improve their children’s 
condition, but in reality they were part of a 
larger effort to measure how the human body 
absorbs dangerous radiation. 
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Radio Astronomy 

Radio astronomy changed the way that scien- 
tists could peer into the heavens. In past cen- 
turies, they relied on light, which could be 
enhanced through the use of telescopes and 
observed with the naked eye. But other non- 
visible sources of radiation were emitted by 
objects in space, and in the 1930s, a few in- 
dividual scientists discovered this radiation 
and realized that receivers could be built to 
record it. For the first time in human history, 
astronomers could expand knowledge of the 
universe using a phenomenon other than light 
and using tools other than the human eye. 


Karl G. Jansky (1905—1950) discovered 
the fundamental radio astronomical tech- 
nique in 1932. Since 1928, he had been help- 
ing a major company study a practical prob- 
lem: the sources of radio interference in the 
atmosphere and the effects on long-distance 
communication. While conducting research 
at one of the stations of Bell Telephone Lab- 
oratories in New Jersey, Jansky discerned 
that some of the signals received could only 
originate from beyond earth’s atmosphere. 
Not only that, but these signals appeared to 
come from fixed points somewhere in space. 
Although he could not pinpoint the location 
with much precision, Jansky believed that the 
signals came from somewhere near the cen- 
ter of the Milky Way, the same galaxy to 
which the sun (and the earth) belong. 

In subsequent years, radio astronomy did 
not become a major field of inquiry. How- 
ever, some researchers continued to explore 
its unknown characteristics. Amateur as- 
tronomer Grote Reber (1911—2002), work- 
ing from his own equipment at his home in 
Wheaton, Illinois, provided further evidence 
that the center of the Milky Way was a major 
source of radio waves, causing what then was 
simply called static interference. Although 
Reber was not part of the academic commu- 
nity (during the Great Depression such jobs 
were few), his findings had a widespread in- 
fluence. In the Netherlands, the eminent as- 
tronomer Jan Oort (1900—1992) took notice 
of his work and determined that radio 
sources could help scientists “see” farther into 
the galaxy, beyond the points at which fur- 
ther resolution of light sources had proved 
impossible. Increasingly astronomers realized 
that some phenomena in space left radio 
residues that had no visual representation and 
could only be studied with radio astronomy. 

Radio astronomy’s development after 
World War II was due largely to technologi- 
cal innovations during the war years. New 
electronic components, invented for other 
purposes such as radar equipment, allowed 
scientists to improve on the receivers used by 
Jansky and Reber. Radio astronomy soon 
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Astronomer Professor Bernard Lovell at work at his desk at Jodrell Bank Experimental Station, with a view of part of a radio 


telescope through his window. (Hulton-Deutsch Collection / Corbis) 


became a major new field of science; instead 
of relying on telescopes, postwar researchers 
could also use radio waves as a technique to 
learn the properties of distant star systems. 
Soon theoretical predictions helped to 
solidify the undertaking, as when Dutch 
astronomer Hendrik C. Van de Hulst 
(1918—2000), one of Oort’s students, pre- 
dicted in 1945 that scientists should be able 
to discern hydrogen radiation of a certain 
wavelength (roughly 21 centimeters). When 


that radiation was detected as predicted, in 
1951 by Harvard University scientists Harold 
I. Ewan and Edward M. Purcell (1912— 
1997), radio astronomy took a serious step 
toward turning galactic “noise” into specific, 
identifiable signals. 

Scientists in several countries began to 
build the first radio telescopes. British as- 
tronomer Alfred Charles Bernard Lovell 
(1913—) played a major role in developing a 
community of radio astronomers at Jodrell 
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Bank Observatory (in England), which soon 
became a major center for radio astronomy. 
In 1947, Jodrell Bank built the largest radio 
telescope in the world, a 218-foot parabolic 
reflector. New radio telescopes were built in 
numerous locations, the most powerful in 
Britain, the Netherlands, Australia, and the 
United States; these were the countries in 
which the strongest communities of radio as- 
tronomers emerged. The Soviet Union also 
pursued radio astronomy, but its activities 
were largely unknown to the rest of the 
world. The 1950s would see a surge in activ- 
ity in radio astronomy, culminating in major 
institutions devoted to its study, such as the 
National Radio Astronomy Observatory in 
the United States. 


See also Astronomical Observatories; Oort, Jan 
Hendrik; Patronage; Radar 
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Radioactivity 

Radioactivity was discovered in 1896 by 
French physicist Henri Becquerel (1852— 
1908), who had been inspired by German 
physicist Wilhelm Rontgen’s (1845—1923) 
discovery of X-rays. X-rays were created 
with cathode-ray tubes, using electrical dis- 
charge. Becquerel’s studies revealed that cer- 
tain materials, such as uranium, were capable 
of blackening photographic plates like X- 
rays, but without the presence of an electri- 
cal charge or even the influence of the sun. 
Thus there was something inherent in the 


material itself that was emitting some kind of 
radiation. At first these were called uranium 
rays, because they were thought to be analo- 
gous to the recently discovered X-rays. The 
term radioactivity was coined shortly after- 
ward by Marie Curie (1867—1934), whose 
research with her husband, Pierre, yielded 
the discovery of new elements that also were 
radioactive, and it was soon clear that X-rays 
and uranium rays were quite distinct 
phenomena. Polonium was the first of these 
new elements, which Marie Curie named 
for her homeland, Poland, followed by 
radium. Curie’s methods were chemical; she 
laboriously separated these elements from 
the radioactive ore, pitchblende, and meas- 
ured atomic weight in order to confirm 
that indeed she had found previously un- 
known elements. 

The nature of these strange “radiations” 
was explored further in the first years of the 
twentieth century. Intensive study of ra- 
dioactivity became possible in 1898 when 
New Zealander Ernest Rutherford (1871— 
1937) isolated two different kinds of “radia- 
tions” that appeared to be ejected from ra- 
dioactive substances: alpha and beta radia- 
tions. Gamma radiations, a form of 
electromagnetic radiation, were discovered 
by Paul Villard (1860—1934) in 1900. With 
more specific knowledge of what seemed to 
be ejected from these substances, Rutherford 
tried to incorporate beta and alpha radia- 
tions—which he believed to be particles— 
into the prevailing model of the atom. Even- 
tually he developed a new model based on 
the existence of electrons (beta particles) or- 
biting a nucleus. 

Rutherford and British chemist Frederick 
Soddy (1877—1956) believed that the emis- 
sions of alpha and beta particles accompanied 
something more significant. The loss of these 
particles, they argued, was causing the trans- 
formation of elements. These two, along 
with U.S. scientist Bertram Boltwood 
(1870—1927) and others, attempted to iden- 
tify the relationships among all of the known 
radioelements, substances that exhibited 


radioactive properties. This required new 
concepts. For example, radioelements lost 
alpha or beta particles, and thus “decayed,” 
forming a different element. When this 
should occur seemed uncertain, but each of 
the radioelements appeared to have a half- 
life, the amount of time during which about 
half of the atoms in a given sample would un- 
dergo decay. Thus radioactivity was based on 
statistical and probabilistic conceptions, chal- 
lenging the deterministic principle that one 
could identify precisely what a given atom 
will do at any given time. In 1911, Soddy 
published his identification of all the ra- 
dioelements, in their proper order of decay 
(there were three major decays series, begin- 
ning with the radioelements uranium I, tho- 
rium, and actinouranium). 

What made these researches remarkable 
was the implication that radioactivity was 
something akin to alchemy, the age-old effort 
to find a means to turn base metals such as 
lead and copper into precious ones such as 
silver and gold. Radioactivity was not merely 
the ejection of particles, but the transmuta- 
tion of elements. When an isotope of ura- 
nium ejected an alpha particle, it ceased to be 
uranium; now, it was an isotope of thorium. 
Different isotopes of thorium became protac- 
tinium when they ejected beta particles, or 
radium when they ejected alpha particles. 
Radioelements in nature were clumped to- 
gether, in ores called pitchblende. These 
pitchblende ores also contained lead, a non- 
radioactive element that scientists suspected 
was the final, stable end-stage of radioactive 
decay. Ironically, radioactivity reversed the 
efforts of the ancients: Nature was trying to 
turn elements into lead. The task of identify- 
ing the precise stages of this process and the 
reasons behind them, that is, discovering the 
mechanism of the “decay series,” became a 
principal activity of radioactivity studies. 

The problem of identifying the stages was 
compounded by the fact that few of the ra- 
dioelements observed had even been identi- 
fied chemically. The work that connected 
these radioelements to chemical elements in 
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the periodic table was accomplished by Polish 
chemist Kasimir Fajans (1887-1975) and 
Frederick Soddy in February 1913. Although 
Soddy built upon Fajans’s work, which was 
published first, it was Soddy alone who later 
(1921) won the Nobel Prize in Chemistry for 
his work on the radioelements. Margaret 
Todd, a colleague of Soddy’s, coined the 
term isotope to describe such substances that 
are chemically identifiable as certain ele- 
ments (same atomic number) but that have 
slightly different atomic weights. Soddy’s 
principles about the isotopes, known as the 
group displacement laws, set forth rules for 
the transformation of elements—their dis- 
placement on the periodic table of elements. 
By 1913 it was clear to chemists and physi- 
cists alike that the crucial distinction was the 
charge of the atom, rather than just its atomic 
weight, which the concept of isotopes had 
demonstrated was somewhat more flexible 
than previously believed. The loss of an alpha 
particle, for example, would result in a shift 
two places lower on the periodic table; the 
loss of a beta particle would result in a shift 
one place higher. Such changes affect the 
charge of the atom, not merely the atom’s 
weight. 

After the discovery of the group displace- 
ment laws, radioactivity was used primarily 
as a tool for investigating the interior of the 
atom. Radioactive substances acted as ideal 
firing mechanisms with which scientists could 
bombard other atoms with alpha and beta 
particles. The important work in atomic 
physics in the 1920s and after the discovery 
of the neutron in the early 1930s was made 
possible through the use of radioactive sub- 
stances. Yet the chemical study of radioactiv- 
ity itself languished; as historian Lawrence 
Badash has noted, the early successes of Bec- 
querel, the Curies, Rutherford, and Soddy 
were astounding, but the field had a “suicidal 
success.” All of its main problems appeared 
solved after the development of the group 
displacement laws, and radioactive sub- 
stances simply were appropriated as tools for 


other fields of inquiry. 
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Raman, Chandrasekhara Venkata 
(b. Trichinopoly, India, 1888; d. Bangalore, 
India, 1970) 

C. V. Raman is best known for the 
“Raman effect” and for creating a robust 
physics community in India. He attended 
Presidency College in Madras, India, where 
he won the gold medal in physics. He did not 
pursue a scientific career; because he had not 
taken his undergraduate degree in a British 
university, the academic path was not open 
to him. He entered the Indian Financial Civil 
Service instead and moved to Calcutta. There 
he became acquainted with a non-British 
body of scientists, the Indian Association for 
the Cultivation of Science, which gave 
Raman the contacts and laboratory space 
needed to pursue science. He pursued scien- 
tific research on his own time, specifically the 
study of acoustics and optics, subjects that 
would occupy him throughout his career. In 
1917, he was sufficiently accomplished to be 
offered an endowed chair in physics at Cal- 
cutta University. 

In the early 1920s, Raman began investi- 
gations of the molecular diffraction of light, 
to find out how light behaves when it passes 
through different media. These studies cul- 
minated in the discovery of a major effect of 
light, and radiation generally. In 1928, 
Raman announced that scattered light from a 
transparent medium does not have the same 
wavelength as the incident radiation. Using a 
spectroscope, he measured distinct changes 


in wavelength after diffraction. The shift, 
Raman explained, was owing to the exchange 
of energy between the incident radiation and 
the molecules in the medium itself. This pe- 
culiar finding immediately came to be known 
as the Raman effect. The discovery prompted 
a wave of experiments using spectroscopes to 
measure light wavelengths and polyatomic 
molecules. 

The discovery also elicited a surge of re- 
spect for Indian science. Raman’s efforts 
brought science in India to a new position in 
the international community of scientists. 
Raman already had begun to construct a 
strong physics community in India. For ex- 
ample, he established the Indian Journal of 
Physics in 1926, and he later (1934) founded 
the Indian Academy of Sciences. But it was 
winning the Nobel Prize in Physics, in 1930, 
that brought India to an entirely new level of 
prestige. For the first time, an Indian was 
recognized as having made a world-class and 
far-reaching contribution to science. 

At home, Raman used his influence and 
wealth to steer a fledgling physics commu- 
nity. In 1933 he became the director of the 
Indian Institute of Science at Bangalore, but 
soon came into conflict with the faculty be- 
cause of his autocratic style. He championed 
physics, but some felt that he did so at the ex- 
pense of other fields. Opposition to his lead- 
ership even led to an embarrassing incident 
when Raman invited German physicist Max 
Born (1882—1970) to take a position at the 
institute, only to have his colleagues unite to 
prevent it. In 1937 he was compelled to step 
down as director. He continued to be a pro- 
fessor there through the war years, but in 
1948 he left to found and endow the Raman 
Institute of Research. Over the course of his 
long career, he trained more than a hundred 
physicists. 

Raman’s influence in India had both posi- 
tive and negative effects. On the one hand, 
he was responsible for strengthening physics 
and he personally had a hand in creating many 
of India’s scientific institutions. But he also 
used his influence to prevent some scientific 


ideas from coming to light in India. Scholar 
Abha Sur has noted that Raman often was re- 
luctant to confront evidence against his own 
theories. Ironically, the main controversy of 
his scientific life was with Max Born, on the 
subject of lattice dynamics. Raman, accord- 
ing to Sur, used his influence and position to 
prevent free discussion of the scientific clash 
in his institute and even in scientific journals, 
which might have severely limited the scope 
of the development of optical spectroscopy in 
the 1950s and beyond. 


See also Colonialism; Light; Physics 
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Rediscovery of Mendel 

The rediscovery of Gregor Mendel’s 
(1822-1884) experiments on garden peas 
sparked the twentieth-century science of ge- 
netics, a branch of biology that deals with the 
principles of heredity and variation in organ- 
isms. Born into a family of peasants in 1822, 
Mendel joined an Augustinian monastery in 
Moravia, in a town called Briinn (later called 
Brno). In the early 1850s, he traveled to Aus- 
tria to study at the University of Vienna. 
There he learned about cytology, a kind of 
biology that deals with the formation, struc- 
ture, and function of cells. His teacher, the 
eminent biologist Franz Unger, advocated 
evolution, then a controversial idea. At the 
time, scientists had begun to criticize evolu- 
tion because it did not fit with recent hy- 
bridization experiments. Hybrids, or cross- 
breeds, are the offspring of two different 
kinds of organisms (for example, a mule is a 
hybrid of a female horse and a male donkey). 
These experiments had suggested that species 
were stable and that change was a product 
of crossbreeding rather than evolution. Men- 
del’s interests were piqued by the apparent 
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contradictions between evolutionary ideas 
and hybridization experiments. But this was 
as close as Mendel ever got to a mainstream 
scientific community. He never completed 
his examinations at the University of Vienna, 
because of a nervous illness. Instead, he re- 
turned to Brno to teach in a local school. 

Using peas grown in the monastery’s gar- 
den, Mendel experimented with hybrids 
using techniques in artificial fertilization. He 
grouped the peas according to seven different 
characteristics, such as shape, color of vari- 
ous parts of the seed or pod, texture, kinds of 
flowers, and height. In the first hybrid gener- 
ation, he found that one characteristic 
showed up in all the plants, while its opposite 
appeared to disappear. For example, when 
short and tall pea plants were crossed, all of 
the resulting hybrids were tall. One charac- 
teristic seemed to be dominant compared 
with the other. But then, when Mendel 
crossed the seeds from the hybrid group with 
other seeds from the hybrid group, he found 
something quite different: Most plants from 
this second generation were tall, but some 
were short. The “short” characteristic had 
come back, after having disappeared in the 
first generation. In fact, Mendel observed a 
3:1 ratio of tall to short. 

Mendel’s work suggested that scientists 
had to consider at least two characteristics 
present in each plant, inherited from the par- 
ents; if the inherited characteristics differed, 
the dominant one would be visible, without 
any blending (i.e., plants should appear tall 
or short, not medium height). By assuming 
that each seed’s characteristics existed in 
pairs, Mendel was able to simplify his results 
and express them mathematically, as a 
process of elementary multiplication. This 
became a powerful tool for geneticists in the 
twentieth century. 

Mendel did not achieve any great status as 
a scientist in his lifetime, nor did he make any 
contribution to the dispute about evolution 
while he lived. In 1866, he published his re- 
sults in the journal of the Brno Natural His- 
tory Society, a bit outside the mainstream of 
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scientific literature. In 1868, he became 
abbot of his monastery and a few years later, 
he stopped his experiments. The greatest ar- 
guments of his later years were with the gov- 
ernment, over the monastery’s taxes. After 
his death in 1884, some sixteen years passed 
before Mendel’s ideas were resurrected as a 
means to lay the foundations of the laws of 
heredity. Early geneticists, such as Hugo De 
Vries (1848—1935), Carl Correns (1864— 
1933), Erich Von Tschermak (1871—1962), 
and William Bateson (1861—1926), hailed 
Mendel as a man ahead of his time. De Vries, 
Correns, and Von Tschermak typically re- 
ceive credit for having “resurrected” Mendel 
from obscurity in 1900. Later scientists 
blamed the obscurity of the journal in which 
Mendel published or his lack of standing in 
the scientific community for the long neglect 
of his ideas. 

But was Mendel truly ahead of his time? 
He did not go to his grave believing that he 
had created laws of heredity and that no one 
had listened. His own view of his contribu- 
tion was that he had found a way to under- 
stand the development of new species, 
through hybridization rather than through 
evolution. He was not, as his “rediscoverers” 
were, primarily interested in the inheritance 
of characteristics. Instead, the founding work 
on genetics was for many years what Mendel 
intended, an effort to replace evolution with 
hybridization. Only when a new problem 
needed solving, namely, the principles of 
heredity, did Mendel emerge as the prophet 
of genetics. 


See also Bateson, William; Evolution; Genetics 
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Relativity 

The theory of relativity was developed by 
German theoretical physicist Albert Einstein 
(1879—1955) in the first two decades of the 
twentieth century. Not only did it present a 
new, highly abstract, and difficult concept, 
but also it required the revision of all known 
ideas in physics along relativistic lines. The 
theory actually had two main parts, one spe- 
cial and the other general. Einstein published 
his theory of special relativity in 1905, the 
same year he published other seminal works, 
such as those on Brownian motion and the 
photoelectric effect (the latter won him the 
Nobel Prize in Physics in 1921). His theory 
of general relativity came later, in 1915. 

Einstein’s concept of relativity was based, 
in part, on the notion that there are no fixed 
points. Physicists in the nineteenth century 
believed in the presence of an ether, an om- 
nipresent substance that could not be recog- 
nized with human senses, connecting all 
things. That ether was fixed, much as an x-y 
axis is “fixed” in any elementary geometry 
student’s mind. In such a view, all movement 
is considered in relation to something that is 
at rest. In his special theory of relativity, Ein- 
stein challenged physicists to abandon the 
ether altogether and to accept that absolute 
rest (i.e., fixed points) cannot exist. Instead, 
all physical relationships must be considered 
in relative terms—as one moving object re- 
lates to another moving object. 

The theory of special relativity was con- 
troversial because the credit for it was typi- 
cally given solely to Einstein. It is true that by 
1905 two others, Dutch physicist Henrik A. 
Lorentz (1853—1928) and French mathe- 
matician Henri Poincaré (1854—1912), had 
developed relativistic solutions to a prevail- 
ing problem of the time: the speed of light. In 
the 1880s, experiments had shown that light 
appeared to move at a constant speed, no 
matter what direction it traveled. Because of 
belief in the ether, which was supposed to 
propagate light, the speed of light should 
have varied in different directions as the earth 


sped along its path through the ether. Yet de- 


spite the construction of sensitive measuring 
devices, this effect was not observed. Lorentz 
proposed that molecules themselves, in this 
case those of the measuring apparatus, might 
be contracted by the ether in the direction of 
motion, thus rendering accurate measure- 
ment impossible. Lorentz’s solution was to 
invent equations to transform variables such 
as space and time to fit the point of view of a 
moving object. Working from Lorentz’s 
claim, Poincare tried to expand it to include 
optical phenomena in general. Both men 
were concerned with the movement of ob- 
jects relative to the ether. 

Special relativity certainly built on con- 
cepts that were not entirely new. In the sev- 
enteenth century, for example, Galileo had 
demonstrated that if an object is dropped 
from the top of a mast on a sailing ship, the 
path of the object will differ, depending on 
the point of view of the observer. Anyone on 
the ship will see the object fall in a straight 
line, to the bottom of the mast, whereas an 
observer from the shore would see the object 
(which is not only falling, but moving as the 
ship moves) follow a curved path. Thus, the 
shortest distance between two points is occa- 
sionally a curve! But special relativity took 
this a step further, because Galileo’s example 
still assumed the possibility of a fixed position 
(in this case, the shore) from which to view 
the moving object. Einstein proposed that 
more variables than space were at risk when 
all motion was relative to other moving ob- 
jects: Instead of simply a curved path, as in 
Galileo’s example, both time and mass would 
be affected, too. 

Einstein’s theory of special relativity thus 
proposed the following. The speed of light is 
constant. There is no ether, and thus no pos- 
sibility of absolute rest. The laws of physics 
appear “classical” to each observer in his own 
situation (i.e., the ship’s crew will see the 
object drop from the top of the mast and fol- 
low a straight line). The measurable variables 
of physics—space, time, and mass—will dif- 
fer according to the observer’s vantage point, 
as in the case of the object appearing to fol- 
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low a curve from the point of view of the 
shore. The outside observer will measure 
time moving more slowly, mass increasing, 
and space contracting. At great speeds, these 
differences become more pronounced. Were 
it possible for an object with more than zero 
mass to achieve the speed of light, its mass 
would appear infinite to outside observers, 
its length would contract to nothing, and its 
time would stop. 

This aspect of Einstein’s theory was just a 
special case. It did not apply to objects that 
were accelerating or decelerating, only those 
moving at uniform velocities. In a moving ve- 
hicle moving at a constant speed, life inside 
the vehicle seems to approximate absolute 
rest. But as anyone who has carried a hot bev- 
erage in a moving vehicle knows, sudden ac- 
celeration changes physical relationships. 

Over the next decade Einstein attempted 
to generalize his theory, taking into account 
nonuniform velocity and other phenomena, 
especially gravitation. Isaac Newton (1642— 
1727) had established laws of a gravitational 
force during the seventeenth century, but he 
never had explained the nature of that force. 
With general relativity, proposed in 1915, 
Einstein argued that gravity was equivalent to 
acceleration. The two forces appeared to 
exert the same kind of influence. As long as a 
body continues to accelerate, it will be sub- 
ject to a force in the opposite direction, just 
as gravity attracts objects toward the earth. 
Both acceleration and gravity seemed to elicit 
curved motion. An object moving in an 
accelerating vehicle, for example, will not 
follow a straight line, but instead will travel 
on a curved path. Einstein believed that the 
presence of massive bodies necessitates the 
curvature of space, which was in fact the na- 
ture of a gravitational field, a curvature that 
all objects followed near massive bodies. A 
1919 expedition to an island off the coast of 
Africa to observe a solar eclipse, conducted 
by Arthur Eddington (1882-1944), con- 
firmed that even light from stars was bent by 
massive objects (in this case, the sun). 
Relativity thus became the new prevailing 
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concept upon which subsequent scientists 
had to base all notions of the structure of the 
universe. 
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Religion 

The relationship between science and reli- 
gion often has been treated as a clash of 
armies in a cosmic battle over whose truth 
should win the day. Such conflicts are rooted 
deeply in time, hearkening back at least as far 
as the struggle to integrate the works of Aris- 
totle into university curricula during the 
Middle Ages. The bearer of the modern ver- 
sion of this conflict was Charles Darwin 
(1809-1882), whose 1859 On the Origin of 
Species by Means of Natural Selection fueled pre- 
existing disagreements about the evolution of 
humans from lower species. The “conflict” is 
not so clear cut, however; there have been 
pious scientists or churchgoers with a respect 
for science, too. In the twentieth century, 
the myth of a clash of armies has been en- 
hanced by high-profile contests and virulent 
critiques by partisans from both sides of the 
debate. 

Darwinian evolution, with its random, 
purposeless variation, raised philosophical is- 
sues as well as religious ones. If there is no 
purpose in nature, is evolution not progres- 
sive? Even those who did not cast their oppo- 
sition in religious terms were unsettled by 
the lack of design in nature. Some were more 
specific: The Bible says that man was created 
by God, not descended from an ape. Al- 
though geologists in the nineteenth century 


already had abandoned the literal interpreta- 
tion of the six days of creation, Darwin be- 
came an icon of conflict, as if he were the 
first to challenge the literal meaning of scrip- 
ture. 

Some saw in evolution a threat to the very 
fabric of spiritual, God-fearing society. The 
most famous example of this was the Scopes 
trial of 1925. When substitute teacher John 
T. Scopes (1900-1970) was arrested for 
teaching evolution in a school, against the 
laws of Tennessee, the American Civil Liber- 
ties Union was there to defend him. The en- 
suing trial pitted the well-known politician 
William Jennings Bryan (1860—1925), on the 
side of the fundamentalists, against the crim- 
inal trial lawyer Clarence Darrow (1857— 
1938). Bryan was afraid that if the evolution- 
ist view took hold, it would rob society of its 
moral compass. Bryan won the case, but at a 
high cost, because it brought nationwide at- 
tention to the narrow, anti-intellectual views 
of the people in the U.S. South. The case 
served to polarize some views, and it ignited 
a wave of commentaries on the relationship 
between science and religion. 

Although evolution was the centerpiece of 
conversations about science and religion, it 
was not the only scientific concept to pro- 
voke thought about the relationship. In 
physics, Albert Einstein’s (1879—1955) gen- 
eral theory of relativity challenged the mech- 
anistic, Newtonian universe. One of the 
great popularizers of relativity, Arthur Ed- 
dington (1882—1944), wrote that physics de- 
scribed relationships among things, not their 
nature. The idea that the real world might be 
beyond the reach of science found many sup- 
porters, Eddington included, who saw a 
place for both God and science in their lives. 
This view was only amplified by the develop- 
ment of quantum mechanics, particularly the 
uncertainty principle, which insisted that 
some facts simply were unknowable, and the 
complementarity principle, which admitted 
that sometimes contradictory viewpoints can 
describe the same phenomena with equal ac- 


curacy. Whereas evolutionary biology 
seemed to be confident and arrogant in its 
claims, physics was becoming more humble. 

In the first half of the century, religion 
largely reconciled itself to science. Historian 
Richard Hofstadter argued that in the United 
States, scientists were the aggressive ones, 
spreading evolutionist thought into the best 
universities in the country. It is possible that, 
as Neal Gillespie argued, the real conflict was 
not between science and religion, but rather 
between theological reconciliation and posi- 
tivism. Positivism, a philosophy of science 
that emphasizes the positive accumulation of 
knowledge strictly through empirical study, 
rejected supernatural explanations. Posi- 
tivism became popular among scientists in 
the early twentieth century owing to the 
writings of European philosophers, notably 
Ernst Mach (1838—1916). While some scien- 
tists had sought to reconcile scientific find- 
ings with religious teachings, positivists 
called such efforts anti-scientific. Positivism 
among scientists, as in the case of Christian 
fundamentalism, ruled out any reconciliation 
between science and religion. 

Churchmen did not rally together to form 
a united front against science. On the whole, 
the fundamentalist Protestant sects, particu- 
larly those in the U.S. South, insisted on in- 
terpreting the Bible literally. They were hor- 
rified at the prospect of being descended 
from an ape, and they treated the uncertain- 
ties announced by physicists as a triumph of 
God-fearing people over the corrupting in- 
fluence of intellectuals. Owing to the feroc- 
ity of their opposition, fundamentalist Chris- 
tians came to symbolize religion’s antiscience 
character. But antiscience views were not 
universal. An Anglican, William R. Inge 
(1860—1954), dean of St. Paul’s Cathedral in 
London, wrote in the journal Science that the 
fundamentalists were wrong to dream of 
routing the enemy. Religious people should 
come to terms with scientific views. “Christ 
never wished us to outrage our scientific con- 
science as a condition of being His disciples” 
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(Stevens 1926, 282), he said. Catholics were 
against evolution, as decreed by Pope Pius X 
(1835—1914) in 1907. But they were cer- 
tainly not antiscience, if the activities of the 
Jesuits are any indication. In the early twen- 
tieth century, the Jesuits revived their focus 
on scientific activities by operating seismo- 
graph stations throughout the world and con- 
tributing to the new field of seismology. 
Their efforts testify to the importance placed 
on scientific research in U.S. culture gener- 
ally, despite arguments between scientists 
and churchmen. 

If science seemed poised to fulfill the ma- 
terial aspirations of society in the 1920s, it 
seemed far less so in the Great Depression of 
the 1930s. Religious figures renewed their 
critiques, citing the lack of morals or ethics in 
science. Catholic writer Gilbert K. Chester- 
ton (1874—1936) noted that electricity is a 
fine product of science, but that man should 
not be considered as a god with a thunderbolt 
but rather as a savage who has been hit by a 
lightning bolt. One must not forget, he and 
others argued, the real source of science’s 
wonders. In addition, science without values 
would never put society back on its feet; crit- 
ics argued that putting one’s faith in science 
led only to despair, as revealed by the calami- 
tous state of the world in the 1930s. 

The struggle for primacy between science 
and religion did not end during the first half 
of the twentieth century. The destructiveness 
of the fruits of science, such as the atomic 
bomb during World War II, reinforced the 
belief that moral and ethical values were 
much needed in the face of scientific 
progress. If people were turning more to sci- 
ence for knowledge about the universe, they 
looked increasingly to religion to anchor 
them in other realms in which science had 
proved lacking, such as ethics, morality, and 
social meaning. 


See also Eddington, Arthur Stanley; Evolution; 
Great Depression; Origin of Life; Russell, 
Bertrand; Scientism; Scopes Trial; Teilhard de 
Chardin, Pierre 


284 Richter Scale 


References 

Geschwind, Carl-Henry. “Embracing Science and 
Research: Early Twentieth-Century Jesuits and 
Seismology in the United States.” Isis 89 
(1998): 27-49. 

Gillespie, Neal C. Charles Darwin and the Problem of 
Creation. Chicago: University of Chicago Press, 
1979. 

Hofstadter, Richard. Social Darwinism in American 
Thought. Boston: Beacon, 1955. 

Kevles, Daniel J. The Physicists: The History of a 
Scientific Community in Modern America. 
Cambridge, MA: Harvard University Press, 
1995. 

Larson, Edward J. Summer for the Gods: The Scopes 
Trial and America’s Continuing Debate over Science 
and Religion. New York: Basic Books, 1997. 

Numbers, Ronald L. “Science and Religion.” 
Osiris, Second Series, 1 (1985): 59-80. 

Stevens, Neil E. “Dean Inge on the Relation 
between Science and Religion Today.” Science, 
New Series, 63:1628 (12 March 1926): 
281—282. 


Richter Scale 

The Richter scale was developed in 1935 by 
seismologist Charles F. Richter (1900— 
1985), then working with Beno Gutenberg 
(1889-1960) at the California Institute of 
Technology. Richter’s scale used a logarithm 
of wave amplitudes measured from seismo- 
graphs to measure the intensity of the earth- 
quake at the epicenter. The epicenter was the 
place on the surface of the earth directly 
above the origin of the earthquake. Richter’s 
scale was numeric, based on whole numbers 
and decimal fractions. For example, a strong 
earthquake might measure 5.7 on the Richter 
scale. But the scale did not increase arith- 
metically; instead, each whole number 
marked a tenfold increase. Thus, a magnitude 
7 earthquake would be ten times stronger 
than a magnitude 6 earthquake. 

The most commonly used scale before this 
was the modified Mercalli scale, named for 
Guiseppe Mercalli (1850-1914), the Italian 
geologist who developed the original scale in 
1902. Adapted in 1931 for use in North 
America, it classified earthquakes by Roman 








Charles F. Richter used seismographs such as this one to 


detect and measure earthquakes. (Bettmann/ Corbis) 


numerals numbered | through XII, each in- 
creasing in magnitude. The modified Mer- 
calli scale was essentially qualitative, basing 
its categories on the effects on people and 
structures such as buildings and bridges. At 
level VII, for example, everyone runs out- 
doors, and the earthquake is noticed by peo- 
ple driving cars. At level XI, few structures 
remain standing, and there are broad fissures 
on the ground. The most glaring shortcoming 
of the modified Mercalli scale was that it de- 
scribed the earthquake by its effects at the 
point of measurement, and thus estimations 
by different observers often were inconsis- 
tent. The Richter scale, rather than arbitrar- 
ily categorizing earthquakes according to 
damage caused, provided a quantitative 
means of assessing how much the earth had 
moved at the epicenter. 


See also Geophysics; Gutenberg, Beno, 
Seismology 
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Rockets 

Although the history of rocketry arguably can 
be traced back for centuries, the late nine- 
teenth century marks the beginning of inten- 
sive research into the possibilities of flying 
tube-shaped objects with combustible fuel. 
But using gunpowder and other solid fuels to 
launch objects into the sky met with limited 
success. Rockets were used during World 
War I but were not nearly as effective as con- 
ventional artillery, and rockets launched 
from biplanes were unreliable. The war did 
see the birth of the first guided missiles, al- 
though they crashed often and made no seri- 
ous contribution to the war effort. 

The most influential figure in the history 
of early rocketry was Robert H. Goddard 
(1882-1945), who envisioned liquid-fuel 
rockets and multistage rockets and showed 
that rockets can function in a vacuum. He re- 
ceived funding from the Smithsonian Institu- 
tion for experiments, and the Smithsonian 
also published “A Method for Reaching Ex- 
treme Altitudes,” 1919 paper that enumer- 
ated the results of Goddard’s work at Clark 
University on powder rockets. His early 
work considered the fundamentals of design, 
such as the optimal nozzle shapes and veloc- 
ity. Subsequent work improved on this by 
developing various kinds of propulsion. He 
launched the first successful liquid-fuel 
rocket in 1926 (it flew for only a few sec- 
onds); a few years later, Goddard launched 
the first “scientific? rocket (it carried a 
barometer and camera). Goddard was pro- 
lific in ideas and was credited with more than 
200 patents. 

In the United States, scientists and military 
officers established a fruitful partnership in 
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the field of rocketry. The partnership went 
back at least to World War II, when the Navy 
sought the aid of scientists and inventors to 
help the United States catch up to European 
advances in military ordnance during the 
war. During World War I, leading U.S. sci- 
entists such as Lawrence Hafstad (1904— 
1993) and Charles Lauritsen (1892—1968) 
visited England during the Battle of Britain, 
providing stark evidence of the potency of 
Germany’s available ordnance. When they 
returned home, the Navy put extraordinary 
pressure on scientists at the California Insti- 
tute of Technology to design rocket-oriented 
weapons such as the barrage rockets later 
used by ships to support amphibious assaults. 
In 1943, the Navy established the Naval Ord- 
nance Test Station in Inyokern, California. Its 
creation was intended to prevent the scien- 
tific-military collaboration from falling into 
relative disuse in the postwar period, as had 
been the case after World War I. 

Scientists in Nazi Germany experienced 
phenomenal success in rocket technology, 
and they were the first to create a viable 
long-range ballistic missile. Their secret 
weapons center was located in Peenemünde. 
Adolf Hitler (1889—1945) was skeptical that 
weapons designed by “rocket club” en- 
thusiasts such as Wernher Von Braun 
(1912—1977) could make much difference in 
the war, and initially he did not give it much 
priority. The V-2, the first large ballistic mis- 
sile, was tested successfully in October 1942. 
By 1943, Adolf Hitler personally congratu- 
lated Von Braun and gave the project the 
highest priority, believing that it could decide 
the war. Although the rockets did not prove 
to be war-winning weapons, they were in- 
deed used; the V-2 was launched against Lon- 
don and other cities held by the Allies, begin- 
ning in 1944. 

After the war, both the United States and 
the Soviet Union enhanced their own rocket 
programs by not only stealing design technol- 
ogy from the Germans but also by acquiring 
the scientists themselves. The U.S. version, 
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Professor Robert H. Goddard, instructor of physics at Clark 
College in Worcester, Massachussetts, is shown with the first 


rocket he experimented with, charged with gun cotton, in 


1924. (Bettmann/ Corbis) 


begun in 1945, was called Project Paperclip, 
and hundreds of Nazi scientists and techni- 
cians were transferred to the United States to 
be used in the defense industries of the Cold 
War era. Among these were Von Braun and 
other members of the Peenemünde team that 
had developed the V-2 rocket. The Soviets 
also attempted to gather as many rocket (and 
atomic) scientists as they could, including 
one of Von Braun’s collaborators, Helmut 
Gröttrup. The Soviets lured many rocket sci- 
entists into the Soviet zone of occupation 
with generous compensation packages, and 
the Americans did the same. 

Rockets posed a special threat because of 
their potential as delivery vehicles for atomic 
bombs, developed by the United States dur- 
ing the war. The first bombs used against Hi- 
roshima and Nagasaki were dropped from 





conventional bombers, and the postwar years 
saw the development of a fleet of strategic 
bombers under the Air Force’s Strategic Air 
Command (SAC). But by the 1950s, inten- 
sive research projects on rocketry were 
under way, with the goals of orbiting artifi- 
cial communications satellites and developing 
long-range ballistic missiles to target enemy 
cities for nuclear attack without the need for 
strategic bombers. Such missiles, named in- 
tercontinental ballistic missiles (ICBMs), 
would not only be nearly impossible to shoot 
down (unlike bombers), but they would 
shorten warning time dramatically. The suc- 
cessful orbiting of an artificial satellite by a 
rocket, achieved by the Soviet Union in 
1957, heralded not only the space age but 
also a new phase of the nuclear arms race. 


See also Cold War; Nazi Science; World War II 
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Royal Society of London 

The Royal Society, based in London, Eng- 
land, was among the most well-known na- 
tional scientific bodies, with an elite se- 
lected membership. Established during 
Restoration England in the seventeenth cen- 


tury, it was one of the oldest government- 
sponsored scientific bodies. Although some 
of its scientific role was supplanted by the 
British Association for the Advancement of 
Science, founded in the nineteenth century, 
the Royal Society retained an important role 
in supporting and directing scientific activ- 
ity in Britain during the early twentieth cen- 
tury. It strove, with mixed success, to 
weather the storms of two world wars and 
to adapt to changing conditions for science 
in Britain. 

Although taking part in early efforts at in- 
ternational intellectual cooperation, the 
Royal Society became a victim of divisive 
geopolitics. Under the guidance of Arthur 
Schuster (1851—1934), it promoted the In- 
ternational Association of Academies around 
the turn of the twentieth century, trying to 
create inclusive international arrangements 
rather than bilateral agreements between 
countries. Schuster, like many of his col- 
leagues in Britain and elsewhere, believed 
that men of science could help society rise 
above political antagonism and take over 
where diplomacy failed. However, during 
World War I, the Royal Society became a 
hotbed of anti-German sentiment, and it re- 
versed course; it took the lead in denouncing 
German militarism and German scientists 
alike. Schuster himself, of German descent, 
was attacked by both the press and his col- 
leagues. When the war ended, Royal Society 
members helped to ensure that German sci- 
entists were blocked from postwar interna- 
tional scientific bodies. 

The Royal Society began to work closely 
with the government during World War II, a 
practice that would continue for a long time 
and bring scientists into close proximity to 
politics. Based largely on recommendations 
by physicist Henry Tizard (1885-1959), the 
Royal Society took an active role in making 
sure that Britain’s scientific manpower was 
put to use in the war against Germany. The 
Royal Society’s president, Sir William Henry 
Bragg (1862—1942), nominated Nobel laure- 
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ate biologist A. V. Hill to serve on a govern- 
ment advisory council to organize “emer- 
gency” work. This became the Scientific Ad- 
visory Committee to the War Cabinet. The 
Royal Society’s offer of assistance ultimately 
put leading scientists in touch with every 
kind of defense work, including radar, con- 
tinuing a long-standing relationship between 
the scientific elite and national strength and 
security in Britain. 

After the war, the Royal Society contin- 
ued to seek ways to marshal the empire’s sci- 
entific strength in the service of Britain. In 
1946, the king formally opened the Royal 
Society Empire Scientific Conference. Now 
that World War II had ended, part of the so- 
ciety’s task was to find ways to put science 
(and scientists) in the service of maintaining 
the strength of the British Empire despite 
postwar economic strains. Scientists from 
imperial possessions (such as Australia, New 
Zealand, India, etc.) met in Cambridge and 
Oxford to assess the state of research in their 
countries, to outline potential applications, 
such as relationships between chemistry and 
industry, and between biology and the con- 
trol of disease. By mid-century, the Royal 
Society embraced its role of putting science 
to work for the good of the state and the 
empire. 


See also Colonialism; Elitism; Nationalism; 
Patronage; World War I; World War II 
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Russell, Bertrand 

(b. Trelleck, Wales, 1872; d. Merioneth, 
Wales, 1970) 

Bertrand Russell was a British mathemati- 
cian, logician, and philosopher. His views on 
logical analysis shaped not only the world of 
mathematics but also society at large. A con- 
troversial figure, he was an outspoken oppo- 
nent of dogma and fanaticism from World 
War I to the Cold War era. He started his ca- 
reer when he went to Cambridge University 
in 1890, where he met his future friend and 
collaborator Alfred North Whitehead 
(1861—1947). His studies of mathematics and 
philosophy led to a teaching position at Trin- 
ity College in 1908. An aristocrat, Russell 
became the third Earl Russell in 1931. 

Russell’s contributions to logic included 
the discovery in 1901 of a paradox in set the- 
ory (now called Russell’s paradox), which 
showed that all statements in classical logic 
are in some sense contradictory. He spent the 
next several years developing improvements, 
resulting in his theory of types. During this 
period Russell published a book, The Princi- 
ples of Mathematics (1903), which he con- 
ceived as a multiple-volume treatment. Be- 
cause Whitehead was working on a similar 
project, the two decided to collaborate, re- 
sulting in the first volume of their Principia 
Mathematica in 1910. The next volumes of 
the Principia Mathematica were published in 
1912 and 1913. They were remarkably pop- 
ular, and they were evocative of connections 
not only between mathematics and logic but 
also between logical analysis and both philos- 
ophy and the production of knowledge in 
general. This work reduced many mathemat- 
ical problems to logical ones, a theme that re- 
curred in much of Russell’s writing. The pri- 
macy of logical analysis certainly informed his 
philosophical views, which emphasized logic 
at the expense of traditional concepts of 
ethics, morality, or religious dogma. 

World War I also helped to shape Russell’ s 
philosophical outlook, turning him away from 
optimistic progressivism toward more em- 
phasis on skepticism and logic. He became 


more outspoken in his views; disgusted and 
disillusioned by the war, he refused to fight 
and spent several months in jail for his paci- 
fism. His efforts did little to abate the mili- 
tarism he felt pervaded his society, and he 
considered his wartime activism to be a com- 
plete failure. Because of his wartime jail sen- 
tence, he lost his position at Cambridge. 

The emphasis on logic appeared to free 
Russell from other influences, such as tradi- 
tional concepts of morality and religion. He 
was widely regarded as a freethinker and he 
believed also in free love, which attracted a 
great deal of criticism. He also promoted 
women’s suffrage. Russell’s opposition to 
dogma made him many enemies when he 
published Why I Am Not a Christian in 1927, in 
which he outlined the logical arguments for 
and against the existence of God, including 
an analysis of the supposed moral imperative 
of accepting it on faith. He also pointed out 
what he considered a number of defects in 
the teachings of Christ, as well as the retar- 
dation of human progress by religion. He 
challenged his readers to look at the world 
around them and to put human intelligence 
to work in understanding it. 

Russell’s views made him both celebrated 
and widely unpopular. He traveled to China 
and Russia and returned to England to form 
an experimental school. He ran for public of- 
fice several times, without success. In the 
1930s, he lived in the United States, teaching 
at a number of universities, including the 
University of California—Los Angeles. Rus- 
sell stirred up controversy after he was ap- 
pointed to be professor of philosophy at the 
College of the City of New York in 1940. He 
was denounced by his many opponents, par- 
ticularly the Episcopal Church and the 
Catholic Church, as an enemy of religion and 
morality. A scandal ensued, which resulted in 
Russell being without a job, his philosophy 
decreed to be against the penal codes of the 
state. The U.S. scholarly community was 
horrified at this major assault on academic 
freedom, but Russell did not get his position 
back. He returned to England in 1944. 


During the war years, Russell composed 
his work, The History of Western Philosophy 
(1945), which traced scientific and philo- 
sophical ideas from the pre-Socratic Greeks 
to his own influences in the philosophy of 
logical analysis around the turn of the twenti- 
eth century. He argued that philosophers’ in- 
jection of moral considerations has impeded 
the progress of knowledge for centuries. 
Efforts to use science and philosophy to prove 
or disprove religious dogmas, such as the ex- 
istence of God, all “had to falsify logic, to 
make mathematics mystical, and to pretend 
that deep-seated prejudices were heaven-sent 
intuitions” (Russell 1945, 835). Logical analy- 
sis, the school of philosophy to which Russell 
himself adhered, rejected the notion that 
humans could find conclusive answers to such 
questions; science should concern itself with 
improving the current state of knowledge by 
building on the present rather than assuming 
there is a “higher” way of knowing. 

The years after World War II were para- 
doxical ones for Russell. Against commu- 
nism, he was convinced that the Soviet Union 
posed the greatest risk of war; later, after the 
death of Joseph Stalin (1879—1953) and the 
U.S. development of hydrogen bombs, he 
would reverse this opinion. He would be- 
come one of the principal figures in the disar- 
mament movement during the late 1950s, 
but in the late 1940s he was associated with a 
more dire prescription: preventive warfare. 
Familiar with the principles of game theory, 
which some had applied to the confrontation 
between the United States and the Soviet 
Union, Russell argued that the best course of 
action was simply to declare war. If such a 
war was inevitable, he believed, it was more 
humane to do it while nuclear stockpiles 
were relatively low. 

Russell received the Nobel Prize in Litera- 
ture in 1950, for his various writings that 
promoted the freedom of thought and hu- 
manitarian values. He died of influenza, after 
nearly ten decades of life. 


See also Cold War; Game Theory; Mathematics; 
Philosophy of Science; Religion 
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Rutherford, Ernest 
(b. Nelson, New Zealand, 1871; d. 
Cambridge, England, 1937) 

Ernest Rutherford was the leading figure 
in the science of radioactivity. He con- 
ducted the seminal experiments on radioac- 
tive emission and helped to develop a theory 
of radioactive decay and atomic transforma- 
tion. In addition to this work, which already 
established his reputation, he revised the 
model of the atom through his discovery of 
the atomic nucleus. Born and raised in New 
Zealand, Rutherford attended Canter- 
bury College in Christchurch. But in 1895 
he moved to England to pursue graduate 
work at Cambridge University. There he 
worked under J. J. Thomson (1856—1940), 
who soon made an exceptional discovery 
that would shape both men’s lives: the 
electron, the first subatomic particle to be 
discovered. 

After the 1896 discovery of radioactivity 
by Henri Becquerel (1852—1908), Ruther- 
ford made radioactive decay and atomic 
physics his principal object of study. In 1898 
he identified two different kinds of emission 
from radioactive substances, which he named 
alpha and beta rays. Alpha rays appeared to 
be positively charged, whereas beta rays 
were negatively charged. The beta rays, he 
surmised, were composed of Thomson’s 


290 Rutherford, Ernest 





The leading figure in the science of radioactivity, Ernest 


Rutherford conducted seminal experiments on radioactive 
emission and helped to develop a theory of radioactive decay 
and atomic transformation. (National Library of Medicine) 


electrons. Rutherford was convinced that 
alpha rays held the key to understanding the 
nature of radioactivity, and he conducted nu- 
merous experiments on their emission. 

In 1898, Rutherford left Cambridge to 
take a position at McGill University in Mon- 
treal, Canada. While at McGill, Rutherford 
began collaborate with chemist Frederick 
Soddy (1877—1956) to understand the mean- 
ing of alpha and beta emissions. They deter- 
mined that such emissions actually were 
processes of “disintegration” and that the 
atoms transformed into lighter elements 
upon ejecting them. Thus radioactivity ac- 
quired a reputation as a naturally occurring 
kind of alchemy, because elements trans- 
muted into others. Radioactive elements 


were those that were unstable enough to 


decay—in other words, to release an alpha 
particle; the process would continue until a 
stable state was reached. This “transforma- 
tion theory” was a fundamental innovation, 
particularly because Rutherford insisted that 
the changes were of an atomic rather than 
molecular character; the resulting element is 
completely independent in character from 
the previous one, having ejected an alpha par- 
ticle and thus having become a different ele- 
ment. He and Soddy identified the elements 
of the decay series—a difficult process given 
the number of transmutations and the varying 
periods required for different elements to 
decay. Rutherford gained worldwide acclaim 
for his work on radioactivity, and he was 
awarded the Nobel Prize in Chemistry in 
1908, which Rutherford found ironic be- 
cause he considered himself a physicist. 
Rutherford moved again in 1907, back to 
England to become Langworthy Professor of 
Physics at Manchester University. There he 
determined the nature of the mysterious 
alpha particles, noting that they were simply 
helium atoms that no longer had electrons. 
One of his assistants, Hans Geiger 
(1882—1945), ultimately gave his name to an 
instrument the two developed, enabling the 
counting of individual atomic disintegrations 
(the Geiger counter). While at Manchester, 
Rutherford conducted a series of experi- 
ments that transformed physicists’? under- 
standing of the nature of the atom. He placed 
an alpha emitter (a radioactive element emit- 
ting alpha particles) near a sheet of metal and 
noticed that the beam of particles seemed to 
scatter upon passing through the metal. Curi- 
ous about the effect, he set Geiger and an un- 
dergraduate assistant, Ernest Marsden 
(1888—1970), to the task of measuring scat- 
tering angles. The prevailing model of the 
atom at the time, Thomson’s “plum pudding” 
atom, assumed that electrons swam freely in 
a dispersed, positively charged medium. The 
positive charge of the medium would have 
some effect on the alpha particles as they 
passed, and the scattering angles could be ob- 


served in a cloud chamber. This instrument 
had been designed by C. T. R. Wilson 
(1869-1959) to allow humans to view vapor 
trails of tiny particles. But the experiments 
showed unexpected scattering angles. Not 
only were most of the alpha particles de- 
flected as expected, a small few of them ap- 
peared to be bouncing back, at angles of 
more than ninety degrees. From this, 
Rutherford concluded that there must be an- 
other particle in the atom, where all the mass 
and all of the positive charge resided. This 
would be strong enough to deflect most alpha 
particles as they passed nearby, and even to 
reverse the course of some that managed to 
collide with the particle. This particle 
Rutherford called the atom’s nucleus. 

In 1911, Rutherford used his findings to 
propose a different atom from the model that 
J. J. Thomson had proposed. Instead of elec- 
trons swimming in a positive medium, there 
were electrons orbiting around a nucleus. 
Not without its own problems, this model 
stood the test of time largely because of the 
efforts of Danish physicist Niels Bohr 
(1885-1962), who used recent concepts in 
quantum physics to provide the atom with 
stability. It is upon Rutherford’s and Bohr’s 
atom that all modern nuclear physics is based. 

Rutherford had become the world’s leading 


experimental physicist. He was knighted in 
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1914 and, during World War I, he worked for 
the British Admiralty on submarine detection 
research using acoustic methods. When the 
war ended, he succeeded J. J. Thomson as the 
director of Cambridge University’s Cavendish 
Laboratory in 1919. Aspiring physicists from 
abroad flocked to the Cavendish Laboratory to 
work under his guidance. Numerous impor- 
tant discoveries were made there under his 
leadership, such as James Chadwick’s (1891— 
1974) discovery of the neutron, and John 
Cockcroft (1897-1967) and Ernest Walton’s 
(1903-1995) development of the first particle 
accelerator, both in 1932. In 1931, Ruther- 
ford was elevated to the British peerage, 
thus becoming Lord Rutherford of Nelson. He 
died in 1937 and was buried in Westminster 
Abbey. 


See also Atomic Structure; Bohr, Niels; 
Cavendish Laboratory; Chadwick, James; 
Cockcroft, John; Radioactivity; Thomson, 
Joseph John 
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Schrédinger, Erwin 
(b. Vienna, Austria, 1887; d. Vienna, 
Austria, 1961) 

Erwin Schrodinger received his doctorate 
in 1910 from the University of Vienna, spe- 
cializing in theoretical physics. He served in 
the army during World War I, and in 1921 
he took a professorship of physics at the Uni- 
versity of Zurich. He was raised speaking 
English and German, and as an adult he could 
also speak French. In many ways he did not 
fit the mold of the theoretical physicist in its 
“golden years” of the 1920s. He was nearly 
forty years old when he made his singular 
contribution, and he did not accept the 
widely influential Copenhagen interpretation 
of quantum mechanics. 

Schrödinger was best known for his for- 
mulation of wave mechanics in 1925—1926. 
He was aware of Werner Heisenberg’s 
(1901—1976) work on matrix mechanics, but 
he found it difficult because it could not be 
visualized. He favored instead the work of 
French physicist Louis De Broglie (1892— 
1987), whose 1924 thesis had emphasized the 
duality of waves and particles. Inspired, 
Schrödinger devised a wave equation for the 
hydrogen atom and soon established an entire 
dynamical system in several papers in Annalen 


der Physik in 1926. His wave mechanics had 


some advantages, not the least of which was 
that it was easy to make calculations with it. 
In addition, its emphasis on waves was less 
abstract than Heisenberg’s matrix mechanics. 
What puzzled physicists was the fact that 
wave mechanics achieved the same mathe- 
matical results as matrix mechanics, despite 
the fact that one was premised on matter 
being made up of waves, and the other con- 
ceived of matter as particles. The paradox of 
the wave and particle duality became the cor- 
nerstone of quantum mechanics, both in its 
physical and in its philosophical ramifications. 
For his work, Schrödinger in 1933 shared the 
Nobel Prize in Physics with Paul Dirac 
(1902—1984), whose work integrated wave 
mechanics with Albert Einstein’s (1879— 
1955) theory of special relativity. 
Schrödinger’s physics had far-reaching 
philosophical implications. Although he was 
responsible, through wave mechanics, for 
affirming the wave and particle duality of 
nature, he disliked how some physicists 
interpreted it. For example, he stood firmly 
against the Copenhagen interpretation of 
quantum mechanics, based on the indetermi- 
nacy and complementarity principles of 
Werner Heisenberg and Niels Bohr (1885— 
1962). In particular, Bohr’s complementarity 
used the wave and particle duality as 


293 


294 


Schrödinger, Erwin 





Erwin Schrödinger, pictured here, developed wave mechanics 
as a rival to Werner Heisenberg’s matrix mechanics. 


(Bettmann / Corbis) 


evidence of opposing systems providing the 
same results, indicating that science can nei- 
ther describe reality nor even precisely de- 
fine physical systems. 

Schrödinger was disturbed by the abandon- 
ment of notions such as cause and effect, and 
his famous thought problem, “Schrödinger’s 
cat,” highlights the problems of abandoning 
determinism and describing reality with prob- 
abilities. In 1935, he presented the following 
scenario: An unfortunate cat is enclosed in a 
box, along with some radioactive material and 
a device that will release fatal poison if a sin- 
gle radioactive atom decays. After an hour, 
how does one know if the cat has been poi- 
soned? Quantum mechanics would describe 
the system “by having in it the living and the 
dead cat (pardon the expression) mixed or 
smeared out in equal parts” (Kragh 1999, 
217). But clearly, logic compels us to accept 
that the cat is not an equation; it is either dead 


or alive. This thought problem, although not 
taken seriously at the time as a legitimate cri- 
tique, has become a popular example of the 
difficulties inherent in reducing reality to 
probabilistic equations. 

Although he was not a Jew, Schrödinger 
was dissatisfied with the rise of the Nazis, and 
he decided to leave Germany when they 
came to power in 1933. He first went to 
Oxford, England, then home to Austria to 
take a university chair in Graz. After the 
annexation of Austria by Germany, Schrö- 
dinger left again, ultimately finding his way 
to Dublin, Ireland. There he worked on a 
number of theoretical problems, including a 
unified field theory of gravitation and elec- 
tromagnetism. He failed to achieve this mon- 
umental task, as did Einstein and all others 
who attempted it. 

Schrödinger’s influence extended beyond 
physics and into biology. In 1944 he published 
a slim volume entitled What Is Life?, which dis- 
cussed chromosomes as the biological code of 
an organism. The book made no major con- 
tribution to biology, but it did inspire many 
young researchers with an interest in physics 
to turn their attention to the important prob- 
lems of biology. Scientists who later credited 
this book with changing their careers include 
Francis Crick (1916—) and James Watson 
(1928—), the duo that would work out the 
structure of DNA in 1953. 

What stimulated Schrédinger’s thought? 
His biographer Walter Moore has connected 
Schrédinger’s most ingenious ideas with the 
passions of his love affairs. He and his wife 
lived a remarkably free sexual existence, 
which scandalized their friends and col- 
leagues. He complemented these sexual es- 
capades with an abiding interest in Indian 
mysticism, based on the ancient Hindu Veda. 
After he retired from his position in Dublin, 
he returned to his native Austria, where he 
died in 1961. 


See also Determinism; Heisenberg, Werner; 
Quantum Mechanics 
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Science Fiction 

Science fiction has not always occupied a 
prominent place on library bookshelves 
amidst other genre categories such as myster- 
ies and Westerns. Like fantasy, it is a genre in 
which the reader is expected to suspend 
one’s disbelief; it is different from fantasy in 
that the ideas behind the story are inspired by 
science and technology. As literature, science 
fiction was used long before the twentieth 
century. For example, Mary Shelley’s 
(1797-1851) Frankenstein, or, The Modern 
Prometheus (1818) marked the nineteenth 
century as one attuned to the contradictions 
between the eighteenth-century Age of Rea- 
son and the nature-oriented emotionalism of 
the Romantic era. Science fiction has also 
been a means to present utopian societies, 
using recent changes in science and technol- 
ogy as tools to speculate about the future. Be- 
cause of this, science fiction provides insights 
about the hopes, expectations, and fears 
brought about by science and its fruits. 

The most celebrated science fiction au- 
thor of the early twentieth century actually 
penned many of his stories in the nine- 
teenth. English author H. G. Wells 
(1866—1946) set standards for science fic- 
tion with his frightening depictions of future 
biological evolution (The Time Machine, 
1895), mad or overly ambitious scientists 
(The Island of Dr. Moreau, 1896; The Invisible 
Man, 1897), and highly advanced alien races 
who choose to invade the earth (The War of 
the Worlds, 1898). His The World Set Free 
(1914) speculated that by the 1950s wars 
would be fought with terrible new weapons 
harnessing the power of the atom. The War 
of the Worlds later became a topic of serious 
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study by sociologists because of a bizarre 
event decades after its first publication. In 
1938, actor Orson Welles (1915—1985) and 
his Mercury Theater group performed a 
radio adaptation of The War of the Worlds, 
setting it in a real U.S. town, Grover’s Mill, 
New Jersey. Thousands of the listeners, 
hearing symphony music interrupted by fake 
new bulletins, believed that an invasion 
from Mars actually was taking place. The 
event immediately became a source of fasci- 
nation for researchers interested in the man- 
ifestations of mass hysteria. 

Like Wells, many of the authors who 
chose scientific or technical topics used them 
to satirize their own societies. Among these 
were Sinclair Lewis’s (1885—1951) Arrow- 
smith, Aldous Huxley’s (1894—1963) Brave 
New World, and George Orwell’s (1903— 
1950) 1984. Arrowsmith (1925) tells the story 
of a physician during times of plague whose 
efforts to help society make him an outcast; 
Brave New World (1932) is a futuristic glance 
at a society that depends on drugs and social 
engineering to make its residents happy; 
1984 (1949) describes a society whose peo- 
ple are constantly being watched and policed. 
The latter added a few phrases, such as Big 
Brother and Orwellian, to the English lexicon. 
These classics of the science fiction genre ex- 
emplify the use of science-inspired fantastical 
elements to satirize or otherwise comment 
about contemporary times. 

Science fiction as a distinct and popular 
genre took off in the 1920s, through short sto- 
ries in magazines. One of the most popular of 
these was Amazing Stories, founded in 1926 by 
Hugo Gernsback (1884—1967). Science-based 
fiction soon became a specialized kind of genre 
fiction, generating a “pulp” market with pre- 
dictable stories and themes. Some magazines, 
such as Astounding Science Fiction, founded in 
1937 by John Campbell (1910—1971), at- 
tempted to publish less-formulaic stories. Sci- 
ence fiction gained enormous popularity in the 
postwar period, as the atomic bomb and the 
effects 


unknown of radioactive fallout 


296 Science Fiction 





Actor Orson Welles explains the radio broadcast of H.G. Wells’s The War of the Worlds to reporters after it caused 
widespread panic. (Bettmann / Corbis) 


provided a limitless resource for both creative 
and repetitious fiction. But by mid-century the 
genre had many critics. Aside from defects in 
originality, many scientists complained at the 
lack of plausibility and sophistication in the 
science itself. In 1951, one critic in the 
research journal Science complained that 
science fiction too often was built “around a 
bag of standard magic tricks,” such as time 
travel and robots. Critics complained periodi- 
cally that even the more original fiction hardly 
seemed like “science” fiction, because it often 
contained no science at all, but rather confined 
itself to social commentary. 


See also Atomic Bomb; Extraterrestrial Life; 
Lowell, Percival 
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Scientism 

Efforts to import the tools of natural science 
into other realms to make them more ra- 
tional, analytical, and “scientific” belonged to 
a trend that now is often called scientism. Its 
outlook privileged theory and facts, and for 
every idea it demanded empirical data as evi- 
dence. Adherents of scientism shared a fun- 
damental goal: objectivity. In fact, scientism 
is often called objectivism. Objectivity im- 
plies complete detachment between the ob- 
server and the observed, dispassionate analy- 
sis, and a lack of bias. To intellectuals of the 
late nineteenth and early twentieth centuries, 
the tools of the natural sciences appeared to 
promise much-needed objectivity in an era 
fraught with uncertainty. 

Social scientists embraced scientism as 
they transformed their subjects in the early 
twentieth century into disciplines demanding 
fieldwork and quantitative analysis of data. 
Sociologists hoped to make their discipline 
more rigorous in this way, with textbooks 
such as Franklin Giddings’s (1855-1931) In- 
ductive Sociology (1901). Inspired by the phi- 
losophy of science promoted by Ernst Mach 
(1838—1916), such sociologists believed that 
the only way to ensure the veracity of their 
claims was to make their work more empiri- 
cal. Still, critics suggested that sociologists 
were simply trying to add credibility to their 
ideas by clothing them in mathematics. It is 
true that one important result of scientism 
was the justification it gave to calls for action 
by social reformers. Other fields such as an- 
thropology were moved by scientism as well. 
The rise of functionalist anthropology in the 
1920s is directly related to the perceived 
need, by scholars such as Bronislaw Mali- 
noswki, to make the subject less conjectural 
and more rigorous. 

Scientism had a wide-ranging influence. In 
Europe and North America, it helped to 
transform the social reform impulse in the 
first decades of the century, in form if not in 
substance. Whereas reformers previously 
justified their efforts for humanitarian or for 
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moral reasons, these motivations were re- 
placed by the language of scientism: effi- 
ciency and social control. Rather than point- 
ing to traditional authorities (“Jesus taught 
that. . .”), reformers reinforced their pro- 
posals with scientific findings (“Studies have 
shown that ...”). Although faith in science 
(or particularly its product, technology) was 
shaken by the mechanized killing of World 
War I, scientism continued to be influential 
among reformers for whom no other 
methodology seemed able to provide an ob- 
jective, nonreligious path to progressive 
change. Scientism provided a secular outlook 
to replace traditional values, without remov- 
ing the promise of social progress. This was 
not just true in the West. The revolutionar- 
ies who led Sun Yat-sen’s (1867-1925) 
postimperial China, for example, looked to 
objective science as a guidepost to replace the 
dominance of Confucianism as a philosophy 
of living. The enormous growth in the au- 
thority of science, or statements couched in 
scientific terms, was one of the principal his- 
torical developments of the early twentieth 
century. 


See also Elitism; Patronage; Social Progress; 
Technocracy 
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Scopes Trial 

William Jennings Bryan (1860—1925) be- 
lieved in 1925 that evolution and Christianity 
were dueling to the death. In the most famous 
contest between science and religion in the 
United States, the former presidential candi- 
date represented fundamentalist Christians 
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Clarence Darrow at the Scopes evolution trial, Dayton, Tennessee, July 1925. (Library of Congress) 


who refused to believe in Darwinian evolu- 
tion. The idea that man evolved from apes 
was so repugnant to many religious-minded 
Americans that believing Charles Darwin’s 
(1809—1882) ideas appeared to preclude be- 
lief in God. In 1925, the state of Tennessee 
passed the Butler Act, a law prohibiting the 
teaching of evolution in schools. Tennessee’s 
governor Austin Peay said that its intent was 
to protest an alarming tendency to exalt sci- 
ence at the expense of the Bible. It was not in- 
tended to be enforced rigorously, but its exis- 
tence tempted some to test its legality by 
arresting someone for the crime. That person 
was John T. Scopes (1900—1970). 

Scopes himself taught chemistry and alge- 
bra, hardly typical venues to introduce evo- 
lution. But he also had been a substitute 


teacher for two weeks in a biology class, dur- 
ing which time he assigned readings from a 
textbook that accepted Darwinian evolution. 
The American Civil Liberties Union (ACLU) 
had offered to finance a case to test the con- 
stitutionality of Tennessee’s law, and several 
prominent citizens of Dayton thought it was 
a perfect opportunity to provide some pub- 
licity for their town. They asked Scopes to be 
the guinea pig for a trial, and he agreed. 

The trial turned into a contest between 
the ACLU and the World’s Christian Funda- 
mentals Association. In the eyes of the world, 
on one side was agnostic criminal lawyer 
Clarence Darrow (1857—1938), retained by 
the ACLU; on the other was Bryan himself, 
an outspoken fundamentalist Christian. The 
verdict was expected: Scopes was found 


guilty. But many felt that the trial actually 
hurt the fundamentalists’ cause. Journalists 
reported Tennessee “yokels” rejoicing in 
their lack of education and their belief that all 
scripture should be taken literally. Called to 
the witness stand, Bryan conceded that he did 
not take every part of the Bible literally, an 
admission that hurt his cause. The judge, 
however, was an unapologetic fundamental- 
ist, and so perhaps were the jury members: 
They took less than ten minutes deliberating 
their verdict. Throughout the country, peo- 
ple wondered about this curious event taking 
place in the middle of nowhere, a debate that 
was part farce, part comedy, and part circus. 

Scopes himself had to pay a fine of $100. 
Darrow appealed the case, but the ruling 
was upheld by the Tennessee Supreme 
Court. Although the ACLU no doubt 
wanted to take it to the U.S. Supreme 
Court, the state’s top court prevented this 
by reversing the original decision to impose 
a fine on Scopes. The case ended, but the 
matter did not go away. Scopes retained a 
lifelong reputation as the “Monkey Trial” de- 
fendant. Tennessee, and the South in gen- 
eral, kept the reputation implied by the 
name “Bible Belt.” The trial raised important 
questions: Did Americans want to be part of 
the spectacle? Should governments pass laws 
to eradicate controversial ideas because they 
offend religious doctrine? Perhaps the most 
lasting result of the trial was psychological, 
because it dramatized an alliance between 
fundamentalism and all varieties of igno- 
rance and intolerance. Although Scopes lost 
the trial, fundamentalists no doubt lost many 
sympathizers. Still, the debate between sci- 
ence and religion continued long after mem- 
ories of the Scopes trial faded. 


See also Evolution; Religion 
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Seismology 

Seismology is the study of earthquakes, typi- 
cally through analysis of the waves produced 
by motions of the earth’s crust. This scientific 
specialization started in the late nineteenth 
century in earthquake-plagued Japan and 
concentrated on measuring the waves using 
sensitive instruments. By the turn of the cen- 
tury, seismographs produced in Germany 
could record quakes originating continents 
away. Using the seismographs, scientists 
began to speculate on what the waves could 
reveal about the earth’s interior. Because 
waves traveled at different velocities through 
different media, time-travel plots revealed 
the variety in density in the rocks beneath the 
earth’s surface. For example, it became clear 
early on that the earth’s core was denser, but 
less rigid, than the surrounding material 
known as the mantle. 

Once the techniques for identifying and 
measuring differences came into use, natural 
disasters hastened their exploitation for seis- 
mological study. In 1906, a massive earth- 
quake rocked San Francisco; although it was 
a tragic disaster for the residents, it led to the 
acquisition of seismographs by many leading 
U.S. universities. Other earthquakes led to 
new discoveries, such as one in 1909 in the 
Kupa Valley, in Croatia. The wave measure- 
ments from that quake led Andrija Mo- 
horovicic (1857-1936) to propose a distinct 
boundary between the crust and the mantle, 
the two layers composed of very different 
material. The boundary became known as the 
Mohorovičić discontinuity. 

Seismological work could not be com- 
pleted in a single laboratory. Instead, it re- 
quired recording stations in various distant 
parts of the earth. In the United States, seis- 
mology attracted the Society of Jesus, a 
Catholic association typically known as the Je- 
suits, who wanted to be involved in scientific 
studies but wanted to avoid controversial top- 
ics such as evolution. Because the Jesuits were 
spread out in institutions throughout the 
country, they were ideally suited to create an 
early network of seismological stations. As 
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scholar Carl-Henry Geschwind has argued, 
the need to coordinate information within a 
highly structured organization of colleges was 
reminiscent of the role the Jesuits had played 
in science in early modern Europe. At the 
same time, the Jesuits’ efforts to engage in 
science, so valued by contemporary U.S. so- 
ciety, helped in their process of adaptation to 
twentieth-century cultural values. 

Despite the recording activities by the Je- 
suits in the United States, the center of seis- 
mological research remained in Germany, 
and most recording stations sent their meas- 
urements to leading German specialists for 
analysis. Beno Gutenberg (1889—1960) had 
become one of the most renowned seismolo- 
gists by World War I, when he established 
the depth of the earth’s core to be at about 
2900 kilometers. He conducted work at the 
International Association of Seismology, in 
Strassburg, Germany. Most seismograph sta- 
tions sent their results to Strassburg, which 
Gutenberg and others used as a central 
clearinghouse for records of the earth’s 
movements. The war interrupted this work, 
and Strassburg itself became a French city 
(Strasbourg); Gutenberg was not rehired. 

In the 1930s, the United States began to 
take over the leadership role in seismology. 
One reason was that Gutenberg accepted a 
post at the California Institute of Technol- 
ogy, where he was surrounded by other tal- 
ents such as Hugo Benioff (1899-1968) and 
Charles F. Richter (1900-1985). Caltech, 
situated in Pasadena, California, also sat atop 
one of the most seismically active regions in 
the country. The Caltech group improved 
methods for identifying epicenters, the 
points on the earth’s surface directly above 
the origin of an earthquake. Richter became 
well known for his development, in 1935, of 
the Richter scale, which measured the inten- 
sities of individual earthquakes on a numeric 
scale, using the logarithm of wave amplitudes 
measured from seismographs. The Richter 
scale, which measured the magnitude at the 
epicenter, was an improvement on the Mer- 


calli scale, which measured magnitude at the 
point where the waves were measured. 

After the development of the atomic 
bomb, seismologists took on a role of in- 
creasing importance for national security. Al- 
though the United States enjoyed a monopoly 
on the bomb for a few years after World War 
II, its leaders fully expected other nations to 
follow suit in developing the powerful 
weapon. In 1947, the Atomic Energy Com- 
mission realized that detecting a foreign test 
of such a weapon would be very difficult. It 
determined that, along with radiological 
monitoring of the environment, sensitive 
seismic techniques could be used for this pur- 
pose. Although the successful detection of 
atomic bombs detonated by the Soviet Union 
depended on finding traces of radioactivity in 
the atmosphere, the ensuing years saw in- 
creasing focus on seismology as the key to de- 
tecting nuclear blasts to ensure adherence to 
arms control treaties. 


See also Atomic Energy Commission; 
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Shapley, Harlow 
(b. Nashville, Missouri, 1885; d. Boulder, 
Colorado, 1972) 

Harlow Shapley was a leading U.S. as- 
tronomer and science writer, director of the 


Harvard College Observatory, and for some 
years was the representative of the view that 
the universe is not populated by distinct 
galaxies. He initially planned a career in jour- 
nalism, but then turned to astronomy. He 
took an undergraduate degree at the Univer- 
sity of Missouri before going to Princeton 
University, where he pursued astronomy 
when the department was headed by Henry 
Norris Russell (1877-1957). After taking his 
doctorate in 1914, he took a position at the 
Mount Wilson Observatory, in southern Cal- 
ifornia, where he distinguished himself by 
calculating the size of the Milky Way and de- 
termining its center. 

Shapley was deeply involved in one of the 
crucial controversies in astronomy in the first 
decades of the century. The controversy sur- 
rounded the nebulae, vast clouds in space 
that some believed were in fact distant “island 
universes.” This had been debated in the 
nineteenth century, but in 1912 astronomers 
determined that spiral nebulae were moving 
at extremely high velocities, and in 1917 
faint stars were detected in them. Both de- 
velopments seemed to suggest that the nebu- 
lae might be distinct entities from our own 
“universe.” The term galaxy is most com- 
monly used to differentiate such systems 
from each other. In the same year, however, 
Shapley put forth his own theory of the uni- 
verse’s structure; our own galaxy, he noted, 
was about one hundred times larger than any- 
one previously believed. That would mean 
that the “island universes” were simply dis- 
tant parts of our own system, rather than 
separate galaxies. 

While working at the Mount Wilson Ob- 
servatory, Shapley became part of a cele- 
brated debate with Lick Observatory as- 
tronomer Heber D. Curtis (1872—1942) in 
1920 at the National Academy of Sciences. 
Curtis defended the view that the nebulae 
were indeed distinct from our own galaxy. 
Taking the opposite view, Shapley argued 
that the spiral nebulae were moving very fast, 
and their speed precluded them from being as 
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large as our own galaxy (otherwise one 
would have to conclude that parts of the 
galaxy exceeded the speed of light, which 
was deemed impossible). It followed, then, 
that they were smaller, component entities 
of the vast Milky Way. The rotation veloci- 
ties of nebulae, upon which Shapley’s objec- 
tion was based, had been measured in 1916 
by Shapley’s friend and colleague Dutch as- 
tronomer Adriaan Van Maanen (1884— 
1946). Shapley later argued that their close 
relationship—and their mutual distaste for 
Edwin Hubble (1889-1953), one of Van 
Maanen’s critics—probably clouded his 
judgment. 

A lot was at stake for both Shapley and 
Curtis in the 1920 debate, aside from the ac- 
ceptance of their theories. At one level, it 
was a duel between the two major observa- 
tories in California—Mount Wilson and 
Lick. But in addition, careers were made 
from the debate. Curtis made a very techni- 
cal presentation and swayed most of the audi- 
ence toward his view; he came out very well 
and soon took up a position as director of Al- 
legheny Observatory. Shapley, the younger 
of the two, was hoping to impress his col- 
leagues enough to attract an offer for the di- 
rectorship of the Harvard College Observa- 
tory, a position that was offered to him after 
the debate (he became director in 1921). He 
was a personable speaker, with a certain 
charisma. His popular presentation was per- 
suasive enough to convince many as- 
tronomers—fuller texts presenting both 
sides were later published by both men— 
that the island universe theory was incorrect. 

Shapley’s views about the status of the 
nebulae were decisively reversed in 1924, 
when Edwin Hubble at the Mount Wilson 
Observatory determined the distances to the 
spiral nebulae using Cepheid variable stars. 
The distances were so vast that even Shap- 
ley’s grandiose estimates of the Milky Way’s 
size could not possibly include them. Shapley 
had been wrong. Soon, Hubble would deter- 
mine that not only were these nebulae distant 
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galaxies, they were moving away from the 
earth at high velocities, and the universe was 
expanding. 

Despite the fact that Shapley had been 
wrong about the nebulae, his status as a lead- 
ing U.S. astronomer was not diminished. His 
work at Harvard continued, and it included 
important studies of the Magellanic Clouds. 
His open advocacy of international scientific 
cooperation with the Soviet Union provoked 
accusations that he was a Communist, and he 
and his colleagues were investigated by the 
Federal Bureau of Investigation and criticized 
by Senator Joseph McCarthy (1908-1957). 
Shapley retired from the directorship of the 
Harvard College Observatory in 1952, but 
continued in a research position for a few 
more years. His writings were both scientific 
and popular, including articles and books 
such as Galaxies (1943), Of Stars and Men 
(1958), and The View from a Distant Star 
(1963), which explore not only scientific 
concepts but also the place of mankind in a 
vast universe that scientists were only begin- 
ning to understand. 


See also Astronomical Observatories; 
Astrophysics; Cold War; Cosmology; Hubble, 
Edwin; Loyalty 
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Simpson, George Gaylord 
(b. Chicago, Illinois, 1902; d. Tucson, 
Arizona, 1984) 

George Gaylord Simpson, a paleontologist 
and biologist, was one of the principal figures 
in reinforcing the evolutionary synthesis by 


mid-century. Although others (especially 
population geneticists) were responsible for 
joining Mendelian genetics with Darwinian 
natural selection, Simpson’s analysis of fossil 
records provided long-term empirical evi- 
dence for evolutionary theories. Simpson re- 
ceived his doctorate from Yale University in 
1926 and became a postdoctoral fellow at the 
British Museum. When he returned, he took 
an appointment at the American Museum of 
Natural History, an institution with which he 
remained affiliated for more than thirty 
years. 

Simpson’s field research on the fossils of 
mammals took him to Patagonia in the early 
1930s and other locales in South America in 
subsequent years. Combining samples from 
his extensive travels with the collections at 
the American Museum of Natural History, 
Simpson had access to an impressive body of 
fossils. He was the author of several works, 
the most significant of which was published 
during World War II, in 1944. This text, 
Tempo and Mode in Evolution, incorporated the 
evolutionary synthesis with evidence from 
paleontology. Simpson noted a broad agree- 
ment between the inheritance described by 
geneticists, from laboratory evidence, and 
the fossil evidence over huge spans of time. 
Simpson’s work placed paleontology within 
the emerging synthesis of evolutionary biol- 
ogy, not only strengthening the validity of 
the latter but also opening new avenues for 
using paleontological evidence. 

One important contribution of Simpson’s 
book was its acknowledgment of different 
rates of evolution. He credited variability in 
the rapidity of change with many of the 
anomalous patterns in the known fossil 
record. He also tied the fossil record directly 
to Darwinian adaptive evolution rather than 
Lamarckian directed evolution; evolution in 
the former sense likened species to branches 
of a tree, whereas evolution in the latter 
sense ranked species as “higher” and “lower” 
on a scale, one evolving from the other. 
Simpson’s version was adaptive, placing less 
influence on the need to search the fossil 


record for the “missing link” between apes 
and men. He popularized his ideas in his 1949 
book, The Meaning of Evolution. 

During World War II, Simpson served in 
the U.S. Army. When the war ended, Simp- 
son’s work helped to hasten the acceptance 
of what became known as the “modern syn- 
thesis” between genetics and evolution. In 
subsequent years he held positions at Colum- 
bia University, Harvard University, and the 
University of Arizona. He was a very private 
person, and he preferred the written word to 
conversation. He proved this by publishing 
numerous books in the postwar era, includ- 
ing his 1978 autobiography, Concession to the 
Improbable. 


See also Evolution; Genetics; Missing Link 
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Skinner, Burrhus Frederic 
(b. Susquehanna, Pennsylvania, 1904; d. 
Cambridge, Massachusetts, 1990) 

B. F. Skinner was one of the principal 
founders of behavioral psychology. He at- 
tempted to provide a scientific basis upon 
which to develop principles of education. As 
a psychologist, he was second only to Sig- 
mund Freud (1856—1939) in influence and 
notoriety in the twentieth century. Skinner 
was raised in Susquehanna, Pennsylvania, and 
he grew up with ambitions to become a 
writer. After graduating from Hamilton Col- 
lege, he attempted to devote serious atten- 
tion to fiction writing, but failed to make any 
progress. He turned instead to psychology, 
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doing his doctoral work in that subject at 
Harvard University, finishing in 1931. His 
life’s work in behavioral psychology was de- 
terministic, emphasizing the power of behav- 
ioral science to plan and predict human be- 
haviors. 

Skinner’s most influential conceptual con- 
tribution to behavioral psychology was “op- 
erant conditioning.” He believed it was possi- 
ble to design an environment so closely, with 
such attention to detail, that the subject liv- 
ing within the environment naturally would 
condition itself according to the designer’s 
plan. Certain behaviors (operants) could be 
reinforced by a positive reward from the en- 
vironment, such as food. For example, Skin- 
ner devised a contraption (called the Skinner 
Box) in which a small animal such as a rat 
could be placed, with a pedal inside that dis- 
pensed food. Once the rat accidentally 
pressed the pedal, the food was released and, 
now that the operant behavior had been rein- 
forced, the animal repeated it. It was “condi- 
tioned” to do so by the planned environment, 
through reinforcement of behavior. He dis- 
cussed the concept of operant conditioning in 
his 1938 book, The Behavior of Organisms. 

Similar experiments with pigeons resulted 
in an interesting finding about superstition. 
Skinner found that operant behaviors could 
also be illusory, and a pigeon would replicate 
activities that it happened to be doing as the 
food was delivered. In this case, the food ar- 
rived at predetermined intervals, with no re- 
gard to the pigeon’s action. Yet the bird be- 
lieved that its own actions—a particular 
motion or activity such as turning around or 
standing in one part of the cage—had an ef- 
fect. Skinner drew a parallel to human ritual- 
istic activity, in which human beings believe 
erroneously that their activities, which may 
have coincided with the desired goal in the 
past, would bring about the desired out- 
come. 

One of Skinner’s most well-known and 
perhaps notorious experiments involved the 
creation of a “baby tender,” a climate-con- 
trolled glass container that was designed to 


304 Skinner, Burrhus Frederic 





Two pigeons in a box developed by psychologist B. F. Skinner are studied as part of research into operant conditioning. 
(Bettmann / Corbis) 


make infants more comfortable. Skinner and 
his wife, Yvonne, believed it was possible to 
improve on the traditional crib, with its po- 
tentially entangling bars. Skinner abandoned 
the crib and used his new device as the home 
of one of his own daughters, Deborah, for 
more than two years. He wrote about the de- 
vice in an article in Ladies’ Home Journal; the 
editor chose an unfortunate title, “Baby in a 
Box.” Skinner had called it the Aircrib, and it 
earned him scorn, because some believed 
that his faith in radical behaviorism had 
blinded him to the dubious ethicalities of 
using one’s own child as an experimental 
subject. 

Skinner’s views about the value of behav- 
ioral psychology alienated some, particularly 
because his general outlook scratched against 
the grain of U.S. cultural values. His empha- 


sis on conditioning and planning smacked of 
mind control; they appeared to fit more 
closely a totalitarian society rather than a free 
one. Skinner’s 1948 Walden Two set forth the 
idea that behavioral sciences were society’s 
best hope for improvement. The novel de- 
scribed a utopian society in which behavioral 
scientists engaged in social engineering, try- 
ing to shape communities according to their 
principals. It was possible, he argued, to in- 
fluence people to pursue good. In later years 
he gained further notoriety and even hostility 
with his provocative Beyond Freedom and Dig- 
nity, which challenged U.S. culture to recog- 
nize the limits of such ideals as individual lib- 
erty and autonomy. 

Skinner had a long and successful, if con- 
troversial, career. In the 1930s, he taught at 
the University of Minnesota, and in 1945 he 


became the chair of Indiana University’s psy- 
chology department. During World War II, 
he helped the U.S. military establishment by 
designing a secret project to use behaviorally 
conditioned pigeons to guide bombs toward 
their targets (the project allegedly was dis- 
continued before being finished). In 1947, he 
gave a series of lectures at Harvard Univer- 
sity, and in 1948, that university invited him 
to return in a full-time position. His most 
controversial years were ahead of him, as his 
ideas about individual liberties and social en- 
gineering would be widely debated in the late 
1960s and early 1970s. He died of leukemia 
in 1990. 


See also Determinism; Psychology 
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Social Progress 

Science often has carried the connotation of 
social progress. As early as the Enlighten- 
ment, philosophers, economists, and political 
thinkers sought to “naturalize” their theories 
and make them more rational, like the sci- 
ences. Social reformers sometimes sought to 
remove traditional forms of power in society, 
such as political or religious elites, and instead 
build a society on scientific principles. The 
concept was challenged during World War I, 
because of scientists’ role in creating new 
weapons for the world’s most destructive 
war. But belief that scientific research was the 
cornerstone of human progress endured, es- 
pecially in the United States. 

In the United States at the turn of the 
twentieth century, the progressive move- 
ment hoped to base its reform agenda on ra- 
tional policy choices, drawn from disinter- 
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ested technical expertise. Thus science 
played an important role in their idea of so- 
cial progress. Scientists who were part of this 
movement emphasized their role of training 
new technically minded people to fill impor- 
tant jobs in society. University presidents, 
such as future U.S. president Woodrow Wil- 
son (1856-1924), then heading Princeton 
University, encouraged science education as 
a way to convert knowledge into prosperity 
for the country as a whole. The progressive 
James McKeen Cattell (1860—1944) bought 
the journal Science in 1895, and in 1900 he 
made it the official arm of the American As- 
sociation for the Advancement of Science; 
that year he also became the editor of Popular 
Science Monthly. Leading U.S. science publica- 
tions like his increasingly drew attention to 
the connections among science, economic 
growth, and other social benefits. 

No event did more to shatter the progres- 
sive spirit of science than World War I. The 
image of scientists working for the progress 
of civilization was difficult to reconcile with 
the destructive fruits of science and technol- 
ogy: machine guns, mass-produced explo- 
sives, and the new innovation of poison gas. 
Much of this work began in Germany under 
the leadership of chemist Fritz Haber 
(1868—1934), whose research on nitrogen 
also allowed the German army to use syn- 
thetic explosives rather than rely on im- 
ported saltpeter. But scientists became 
deeply involved in war work on both sides of 
the conflict, helping their armies develop 
weapons, improve communications, and de- 
tect enemy ships with scientific methods. 
The end of the war brought some disillusion- 
ment not only with the rationale of the war, 
but also with science and its alleged role in 
promoting social progress. 

Although some questioned anew the con- 
nections between science and progress, oth- 
ers capitalized on the relationship. In the 
struggle between civilizations, one could 
argue, scientists had shown themselves to 
play a crucial role. After World War I, sci- 
ence advocates increasingly demanded more 
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financial support for science and recognition 
of scientists. In Britain, university re- 
searchers, industrial scientists, and govern- 
ment technicians banded together to form 
the National Union of Scientific Workers in 
1918. This union insisted that social progress 
owed a great debt to scientists, and their 
prestige and compensation ought to reflect 
their important role. The solidarity among 
scientists consolidated science not merely as 
a community of intellectuals but also as a 
profession. 

Evolutionary ideas shaped thinking about 
the possibility of social progress. One of the 
reasons for the pervasive belief in Lamarck- 
ian evolution, at the expense of Darwinian 
natural selection, was Jean-Baptiste La- 
marck’s (1744-1829) emphasis on willful 
evolution. Because Lamarck believed that 
evolutionary change occurred through the 
action or inaction of the organism, his ideas 
resonated with social progressives wishing to 
change society for the better. If species 
evolved in a progressive way, perhaps soci- 
ety as a whole could do so as well. Partly this 
view was due to beliefs that civilization was 
a biological product that could be inherited, 
rather than a product of being educated with 
specific social and intellectual norms. Also, 
some reformers saw natural selection’s em- 
phasis on purposeless variation and competi- 
tion for resources as a reinforcement of the 
evils of industrial capitalism. If Lamarck’s 
views were invalid, efforts to ensure civiliza- 
tion’s progress through educational, politi- 
cal, and social reforms would fail. Play- 
wright George Bernard Shaw often used his 
creative works, such as Back to Methuselah, as 
vehicles to repudiate natural selection, be- 
cause it seemed to disallow social progress. 
The need to ensure willful, permanent 
progress in both the human organism and his 
society also stimulated Marxist scientists in 
the Soviet Union, such as Trofim Lysenko 
(1898-1976), to reject the random, com- 
petitive character of Darwinian evolution 
and to embrace Lamarckism instead. 


In the United States, scientists actively pro- 
moted their role in social progress. Massachu- 
setts Institute of Technology president Karl 
T. Compton (1887—1954) wrote in 1937 that 
human comfort and social progress could no 
longer be maintained by national acquisitive- 
ness, such as expansion or conquering terri- 
tory. Instead, intensive scientific research was 
required to make the wisest use of existing re- 
sources. World War II saw renewed appeals 
to connect science to social progress. Alan 
Gregg of the Rockefeller Foundation warned 
in 1944 that unless Americans were willing to 
support research in all fields, the United 
States would lose its strength. The American 
way of living—its processed foods, its trans- 
portation systems, its medical capabilities, 
and its national defense—depended largely 
on technology, and thus social progress in- 
creasingly was being defined by changes in 
technology, many of which could not be pre- 
dicted prior to development. Gregg argued 
that the most progressive societies had to sup- 
port fundamental research in such fields as 
medicine, chemistry, physics, and a host of 
others if the United States expected to ensure 
its progress. 

The argument for fundamental research— 
scientific work with no known connection to 
practical technology—became commonplace 
in the postwar period. Scientists observed 
that their research could be used in unfore- 
seen ways for the well-being and progress 
of society. The director of wartime research 
in the United States, Vannevar Bush (1890— 
1974), wrote Science—The Endless Frontier 
(1945) with the same plea for government 
support of fundamental research. This report 
was influential in persuading military and 
civilian arms of government to pursue 
progress through scientific research, leading 
eventually to the formation of the National 
Science Foundation in 1950. 


See also Chemical Warfare; Elitism; Evolution; 
Great Depression; Patronage; Scientism; 
Soviet Science; Technocracy; World War I, 
World War II 
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Social Responsibility 

Social responsibility in science was a widely 
debated idea that scientists bore considerable 
ethical responsibility for the applications 
made from their ideas. In the realm of med- 
icine, researchers became heroes to society 
because their contributions led to better 
public health measures, to vaccines, and to 
useful drugs of various kinds. But when sci- 
entific ideas were put to destructive use, 
such as the development and use of chemical 
weapons during World War I, praise for 
scientists turned into critique. For exam- 
ple, the German chemists Fritz Haber 
(1868-1934) and Walther Nernst (1864— 
1941) were criticized during and after the 
war for their roles in developing weapons to 
blind, asphyxiate, or kill enemy combatants. 
But it was not until World War II and the 
development of the atomic bomb, which 
shaped the postwar geopolitical situation, 
that social responsibility became a major 
issue among scientists. 

During the Manhattan Project, the U.S. 
effort to build the bomb, numerous scien- 
tists developed a keen sense of personal re- 
sponsibility for large-scale destruction. Sci- 
entists who had joined the project in the 
hope of helping the United States to deter 
Adolf Hitler’s (1889-1945) use of atomic 
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bombs now doubted whether the bombs 
should be used against Japan. Scientists such 
as James Franck (1882—1964) and Leo Szi- 
lard (1898-1964) attempted to convince 
their government superiors not to use them 
without warning. They stepped out of their 
roles as scientists and strode into the realm 
of politics and war, believing that their role 
in creating the weapon gave them some un- 
derstanding of the ramifications of its use, 
and an obligation to advocate one course of 
action over another. Forming the Federa- 
tion of Atomic Scientists (later Federation 
of American Scientists), these scientists 
published the Bulletin of Atomic Scientists to 
alert the world to the true ramifications of a 
nuclear era, specifically pointing to the dan- 
gers of an arms race with the Soviet Union 
and the need for international control of 
atomic energy. Sometimes called the scien- 
tists’ 
many political leaders, who believed that 


movement, such actions irritated 
scientists should be “on tap” rather than “on 
top.” In other words, scientists were a re- 
source to be used by the country’s leaders, 
not individuals who should try to shape poli- 
cies themselves. 

Not all scientists agreed with those want- 
ing to assert—in the name of social responsi- 
bility—a larger role in public affairs. In 
1946, Harvard physicist and recent Nobel 
laureate Percy Bridgman (1882—1961) dis- 
cussed the topic in an address at the annual 
meeting of the American Association for the 
Advancement of Science. He noted that the 
development of the atomic bomb had made 
the public acutely aware of the relationship 
between science and society, and scientists 
were in the process of developing their own 
philosophy of their new role in civilization. 
But Bridgman cautioned against hasty conclu- 
sions. He believed that, although scientists 
might be deemed scientifically responsible 
for the uses of science, they should never be 
seen as morally responsible for every single 
use of their work. Just as the miner of iron 
ore should not be held responsible for the use 
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of iron in weapons, the scientist should not 
be held responsible when scientific ideas are 
used for whatever purpose, even building 
weapons of mass destruction. 

Part of the problem in the debate was the 
fact that the military became the primary 
supporter of scientific activity after the war. 
The Office of Naval Research began to fund 
scientific projects generously after it was 
founded in 1946, and a major civilian funding 
agency would not be created until 1950 (the 
National Science Foundation). Even if one 
took Bridgman’s view, the mere fact that 
one’s work was funded by the military im- 
plied a potential destructive application of 
one’s work. A researcher taking money from 
the Navy could not claim ignorance of its 
possible future use. Still, restricting research 
struck many, including Bridgman, as a blow 
against the freedom of scientific inquiry. 

One of the most eminent scientists to lend 
his name to the movement was Albert Ein- 
stein (1879—1955), who joined the Society 
for Social Responsibility in Science in 1950. 
A longtime pacifist, Einstein believed that 
scientists and engineers carried particular 
moral obligations because weapons of mass 
destruction came largely from scientific ef- 
forts. At the very least, an organization was 
needed for the discussion of moral problems 
brought about by science, to help scien- 
tists—individually and collectively—follow 
not only their academic interests but also 
their consciences. 


See also Atomic Bomb; Chemical Warfare; 
Einstein, Albert; Federation of Atomic 
Scientists; Manhattan Project; Office of Naval 
Research; Patronage; Szilard, Leo 
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Solvay Conferences 

The Solvay Conferences take their name 
from Ernest Solvay (1838—1922), a Belgian 
chemist whose development of a process 
for producing sodium carbonate allowed 
him to amass a great deal of money in soda 
production in the nineteenth century. 
Solvay’s wealth and influence prompted 
him to help found a number of research in- 
stitutes, including the Solvay Institutes for 
Physics and Chemistry. The Solvay Insti- 
tutes sponsored a series of research confer- 
ences; the Solvay Conference on Physics, 
inaugurated in Brussels in 1911, became a 
major forum for discussion, debate, and 
defining scientists? theoretical positions 
during crucial years in the history of 
physics. Solvay himself died in 1922, but 
the conferences continued (periodically— 
they were not annual) to shape debate 
among physicists long after his death. 

The Solvay Conferences, and the fruitful- 
ness of the discussions that occurred during 
them, demonstrated to leading physicists the 
importance of establishing person-to-person 
contacts across national borders. Journals no 
longer seemed to suffice as vehicles for ex- 
changing ideas, especially at a time of such 
rapid change and intense debate among the 
top physicists. The Solvay Conferences 
played an important role particularly in the 
years 1911—1913 and 1924—1930, periods 
during which crucial concepts such as quan- 
tum physics, relativity, and quantum me- 
chanics were openly debated. On these oc- 
casions, the conferences did not serve 
merely to present new evidence, they also 
served to discuss and argue broad, far-reach- 
ing interpretations and deep theoretical 
foundations. The importance of these discus- 
sions was reinforced when the proceedings 
volumes of the conferences included not 
only texts of papers presented, but also syn- 
opses of the discussions. 

One of the best-known uses of the forum 
was the debate, in 1927 (and again in 1930), 
between Albert Einstein (1879—1955) and 
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Some of the leading figures in physics, including Albert Einstein (standing second from right), attending the Solvay 
Conference. (Hulton-Deutsch Collection / Corbis) 


Niels Bohr (1885—1962). With the develop- 
ment of quantum mechanics, and in particu- 
lar the announcement by Werner Heisen- 
berg (1901-1976) of the uncertainty 
principle, scientists began seriously to con- 
sider the physical and philosophical ramifi- 
cations of a science that abandoned old no- 
tions of cause and effect. Einstein abhorred 
indeterminacy, famously noting that God 
does not play dice; Bohr, conversely, em- 
braced the disturbing limitations on knowl- 
edge implied by Heisenberg’s principle and 
his own complementarity principle. Uncer- 
tainty and complementarity both helped to 
shape what became known as the Copen- 
hagen interpretation of quantum mechanics 
(Bohr was a Dane). The Solvay Conferences 
in these years played the pivotal role of 


showcasing the discussions between these 
two eminent theoreticians. Einstein ap- 
peared to have lost on both occasions, per- 
haps hastening the acceptance of the Copen- 
hagen interpretation over Einstein’s own 
determinism. 


See also Bohr, Niels; Determinism; Einstein, 
Albert; Physics; Quantum Theory; Relativity; 
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Soviet Science 

In the Soviet Union, science played an im- 
portant role in shaping society. Since the 
time of Peter the Great in the eighteenth cen- 
tury, Russians used and adapted science and 
technology to the local situation but typically 
imported it from European countries. Rus- 
sian leaders often were suspicious of the for- 
eign influences inherent in science. The 
Russian word for science, nauka, actually 
meant natural science and secular learning, 
making it the work of all nonreligious intel- 
lectuals. Thus it was viewed as a potentially 
subversive influence by the czars. Even after 
the Russian Revolution, the identification of 
science with the West proved problematic, 
because communism in Russia was explicitly 
against the degrading influence of industrial 
technology in the West. But science was 
transformed into a powerful tool under the 
leadership of Joseph Stalin (1879-1953) in 
the 1930s and 1940s. The Soviet regime was 
totalitarian; this meant not only active loyalty 
by all the people to the regime’s goals, but 
also active participation in all aspects of soci- 
ety by the state. Science and scientists were 
not immune to this, and they were tied very 
closely to the activities and outlooks of the 
Soviet state. 

One of the threats allegedly posed by sci- 
entists was the philosophy at the root of sci- 
entific practice, which appeared to be at 
variance with Bolshevik ideology. Science 
required freedom of inquiry and was a kind 
of individualism with which many Soviet 
leaders were uncomfortable. Between 1928 
and 1931, Stalin addressed such tensions by 
promoting the careers of younger scientists 
and engineers so that, by the mid-1930s, a 
much stronger sense of cooperation existed 
between them and the government. Because 
science and technology played such a crucial 
part of Stalin’s plan for a new Communist 
Russia, scientists and engineers acquired a 
special cherished status in society. The So- 
viet government spent far more money on 
research and development in the 1930s, as 
percentage of gross national product, than 


did the United States. The Communist Party 
took an active role in trying to implement 
scientists’ recommendations. At the same 
time, Stalin intervened personally to ensure 
that science and technology served his polit- 
ical goals. For example, in the 1930s, he di- 
rected research on aircraft toward maximiz- 
ing speed, in order to have Russian engineers 
receive credit for record-breaking flights. 
But Stalin’s primary goal in the 1930s was to 
use science to help the country industrialize 
quickly and collectivize its agriculture effi- 
ciently. Such efforts were noticed outside 
the Soviet Union and attracted the admira- 
tion of some Western intellectuals, such 
as British scientist John D. Bernal 
(1901-1971), who advocated for more ac- 
tive governmental involvement in science in 
his own country. 

The most renowned individual to capital- 
ize on the political aspects of the Soviet 
Union was the agronomist Trofim Lysenko 
(1898-1976), who achieved official support 
for his own non-Mendelian approach to plant 
breeding. Lysenko and others believed that 
genetics was too formalistic and that Darwin- 
ian evolution implied randomness in nature 
that did not leave room for engineering. His 
own outlook, that nature could be trans- 
formed by design and changed permanently 
for the better, fit well with the progressive 
goals of the Soviet state. He managed to con- 
vince Stalin and others of this and imposed 
conformity of opinion among biologists to 
suit his own theories and to support a Stalin- 
ist vision of nature. Although Lysenko’s 
dominance might be attributable in part to 
wishful thinking and the influence of ideology 
over science, it also was because of the fact 
that no one else proposed to increase crop 
yields at the enormous levels promised by 
Lysenko. Defending genetics and opposing 
Lysenko seemed to be the same as attacking 
Stalin’s policy of collectivization. After 1948, 
after a major meeting of agronomists at the 
Leningrad Academy of Sciences, genetics vir- 
tually disappeared from the Soviet scientific 
landscape. 


When Soviet ideology was integrated into 
science, it was called dialectical materialism. 
This was a term that borrowed from the ideas 
of German philosopher Georg Hegel 
(1770-1831), who had proposed that 
progress is generated by “dialectic,” a dynam- 
ical system of struggling opposites. Friedrich 
Engels (1820—1895) and Karl Marx 
(1818-1883) added materialism, believing 
that all struggle concerned material things. 
The meaning of dialectical materialism was 
developed in the late nineteenth and early 
twentieth centuries, by socialist thinkers and 
by the leaders of the Russian Revolution. 
Both Vladimir Lenin (1870—1924) and 
Joseph Stalin described dialectical material- 
ism as the only theory of knowledge compat- 
ible with communism, and scientists were 
obliged to ensure that their theories abided 
by it. As a rule of thumb, scientists avoided 
theories that ignored materialistic forces or 
that seemed too idealistic, lest they be sub- 
jected (as in the case of Lysenko’s enemies) 
to political critique and possibly punishment. 
Scientific debate in the Soviet Union was 
never far removed from political conflict. 

Stalin’s scientific priority after World 
War II was developing an atomic bomb to 
rival that of the United States. In fact, his de- 
sire to maximize this effort shielded physi- 
cists from the ideological perils faced by bi- 
ologists. The Soviet atomic bomb project 
began after the battle of Stalingrad, in early 
1943. Once the German advance had been 
halted, Stalin was able to plan some long- 
term projects. The team to build the bomb 
was led by physicist Igor Kurchatov 
(1903—1960). Thanks in part to spies in the 
U.S. atomic bomb project, the Soviet Union 
tested its first atomic device in 1949, years 
before most Westerners had predicted they 
would. By mid-century, then, the Soviet 
Union had made a serious commitment to 
keeping apace with the United States in sci- 
ence and technology and continued to envi- 
sion scientists and engineers as crucial parts 
of a prosperous Communist society that 
could defend itself against Western powers. 
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Sverdrup, Harald 
(b. Sogndal, Norway, 1888; d. Oslo, 
Norway, 1957) 

The Norwegian Harald Sverdrup was a 
meteorologist and oceanographer who 
helped to transform oceanography in the 
United States and build a strong institutional 
support for physical oceanography. Sverdrup 
was heavily influenced by another Norwe- 
gian, the meteorologist Vilhelm Bjerknes 
(1862—1951), and he took his doctorate 
under the direction of Bjerknes in 1917. Like 
his mentor, his early interests were in the at- 
mospheric sciences. He broadened this to in- 
clude dynamic interactions of many kinds, 
from winds to ocean currents. 

In 1918, Sverdrup became the scientific 
leader of Roald Amundsen’s (1872—1928) 
Arctic expedition, which lasted for over seven 
years. During the expedition he spent several 
months living in Siberia and also visited the 
United States, meeting scientists at the Scripps 
Institution of Oceanography, in La Jolla, Cali- 
fornia. He was developing an abiding interest 
in the oceans, particularly in tidal currents, 
and his studies made substantial contributions 
to dynamical oceanography. Upon his return 
from the expedition, Sverdrup took a chair in 
meteorology at the University of Bergen and 
was fast becoming the leading figure in studies 
of the sea and atmosphere. 
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Sverdrup helped to transform U.S. 
oceanography by orienting it toward interdis- 
ciplinary studies with a strong emphasis on 
physical oceanography and meteorology. Ma- 
rine science in the United States had been pri- 
marily devoted to biological studies such as the 
role of plankton; the trend in Norway, which 
many Americans wished to emulate, was mov- 
ing toward studies of air and sea dynamics. 
Sverdrup’s experience with physical oceanog- 
raphy and his close affiliation with Bjerknes 
convinced scientists at Scripps to invite him to 
become their director. He moved to the 
United States in 1936 and brought his dynamic 
approach to bear on the institution’s research. 
During the war years, Sverdrup and colleagues 
Richard Fleming and Martin Johnson pub- 
lished The Oceans: Their Physics, Chemistry, and 
General Biology (1942), which became a widely 
used textbook for oceanographers. 

Sverdrup’s position as director was sup- 
posed to terminate in 1940 but was extended 
because of the war. During these years, 
Scripps developed a long-lasting relationship 
with the military, owing largely to a good 
working relationship between Sverdrup and 
Navy scientist Roger Revelle, who later be- 
came director of Scripps. Under Sverdrup’s 
leadership, oceanographers contributed to 
the war effort in numerous ways, developing 
new methods in antisubmarine warfare and 
amphibious troop landings. Recently histori- 
ans have uncovered evidence that Sverdrup 
was suspected during the war of being a Nazi 
sympathizer. He was repeatedly denied secu- 
rity clearance, which was embarrassing given 
the close coordination between the Navy and 
the oceanographers at Scripps. He was barred 
from being involved in many of his own insti- 
tution’s projects. Ultimately he decided to 
leave the United States and resettle in his na- 
tive Norway, where he took up the director- 
ship of the Norwegian Polar Institute. In the 
1950s, he continued his involvement in 
oceanographic affairs, spearheading major 
oceanographic efforts for the International 
Geophysical Year (1957—1958). He died be- 
fore these preparations were implemented. 
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Szilard, Leo 
(b. Budapest, Hungary, 1898; d. La Jolla, 
California, 1964) 

Leo Szilard had more ideas than he could 
pursue. Colleagues often liked having him 
around simply for his insights and fresh ideas. 
But he was also a difficult man, very outspo- 
ken and indifferent to authority. He alienated 
people easily. Consequently, his scientific 
contributions occasionally have been brushed 
aside, particularly by his enemies. But Leo 
Szilard, a Hungarian-born physicist, biolo- 
gist, and political activist, played a central 
role in the development of atomic energy in 
the United States. He was one of a handful of 
Hungarian-born physicists who immigrated 
to the United States and became scientific 
celebrities, a group that included Edward 
Teller (1908—2003) and John Von Neumann 
(1903—1957). 

Szilard’s flighty scientific habits were re- 
flected in the way he lived. He spent most of 
his nights in hotels, with his belongings barely 
unpacked and ready for travel on short notice. 
He was not a disciplined worker: His ideas 
came to him as he soaked for hours in the 
bathtub. He carried a sense of spontaneity 


throughout his life, undoubtedly strength- 


Szilard, Leo 313 





Hungarian physicist Leo Szilard posing with a newspaper after the United States detected the first Soviet atomic test. 
(Bettmann / Corbis) 


ened by the fact that in 1933 he left Nazi Ger- 
many by train one night before an anti-Jewish 
boycott would have made such a journey very 
difficult or impossible (Szilard was a Jew). 

In the 1930s, Szilard was obsessed with 
the possibility of achieving a nuclear chain re- 
action. Soon after the discovery of the neu- 
tron in 1932, he believed that a free neutron 
could trigger a fission reaction and release 
energy, while ejecting more than one neu- 
tron; these new neutrons could initiate the 
same process in other atoms, thus creating a 
chain reaction. He took out a patent on the 
idea, although he identified beryllium, not 
uranium, as the element that could be split. 
Initially, he was unable to convince anyone 
that his ideas were possible. He asked the es- 
teemed Ernest Rutherford (1871—1937) if he 
could work on his ideas at his laboratory (the 


Cavendish Laboratory), and Rutherford 
practically threw him out of his office. 

During these years, Szilard published re- 
search on isotope separation and neutron ab- 
sorption, establishing his name in physics and 
making it difficult for more eminent scien- 
tists to ignore him. He also moved to the 
United States. Italian physicist Enrico Fermi 
(1901-1954) had been working on neutron 
reactions as well and received the Nobel 
Prize for his efforts in 1938; Fermi traveled 
from the prize ceremonies to the United 
States, where he and his wife just happened 
to check in to the New York hotel where Szi- 
lard was staying. Fermi took an appointment 
at Columbia University, and Szilard, with no 
appointment, often came by to enlighten— 
or harass—the physicists there with ideas of 
his own. 
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In 1936, Szilard urged his fellow physicists 
outside Germany not to publish their neutron 
research. He believed that a war was coming, 
and he feared that atomic bombs would de- 
termine its outcome. It made no sense to aid 
Adolf Hitler’s (1889—1945) scientists in their 
effort. He asked the British Admiralty to put 
his patent under secrecy, which they did. 
Other scientists, including Fermi, disliked 
Szilard’s meddling with the established 
process of scientific research and publishing. 
Nonetheless, Szilard’s continued urging for 
self-censorship, especially after the discovery 
of fission in 1939 by scientists in Germany, 
convinced some U.S. scientists not to publish. 

Szilard wanted the United States to help 
its scientists explore fission and its military 
uses before the Nazis did. His work on neu- 
trons indicated the increasing likelihood of 
sustaining a chain reaction. One of the out- 
standing technical problems was the need for 
a moderator amidst the uranium to slow down 
neutrons to make fission more probable but 
not to capture them, thus rendering them use- 
less in a chain reaction. But an even bigger 
problem was not technical at all. Szilard 
needed to convince the U.S. government to 
start research on fission reactions and to 
begin stockpiling uranium. 

Leo Szilard visited Albert Einstein 
(1879-1955), a friend and colleague from 
their days in Berlin in the 1920s, by now the 
most famous scientist in the world. He con- 
vinced Einstein to write a letter to President 
Franklin D. Roosevelt (1882—1945), in Au- 
gust 1939, urging him to take action in fission 
research and uranium acquisition. Einstein 
later said he was simply acting as Szilard’s 
mailbox; Einstein’s letter is now famous for 
having commenced the U.S. effort to build 
the atomic bomb. Szilard soon was a key part 
of Enrico Fermi’s team, which, by 1942, cre- 
ated the first atom “pile,” a reactor that sus- 
tained the kind of nuclear chain reaction that 
Szilard had envisioned nearly a decade earlier. 

Szilard made numerous enemies during 
these years, particularly General Leslie 


Groves (1896—1970), the military leader of 
the Manhattan Project. Throughout the war, 
Groves tried to discredit Szilard by making 
him appear to be a security threat. Szilard 
was equally hostile to Groves: He often com- 
plained about Army mismanagement and ex- 
cessive secrecy and was routinely disrespect- 
ful of Groves’s authority. Szilard became 
concerned about the postwar world and the 
possibility of an arms race between the 
United States and the Soviet Union. He tried 
to stop the United States from using the 
bomb, which Szilard saw as the first step in a 
new postwar conflict rather than the final act 
of the present war. He joined a commit- 
tee headed by physicist James Franck 
(1882—1964), which issued a report outlin- 
ing alternatives to using the bomb. The 
Franck report suggested demonstrating the 
bomb to the Japanese first, to give them a 
chance to surrender. The Franck report 
stands as a testament to Szilard’s and Franck’s 
(as well as others’) efforts to assert a sense of 
social responsibility in scientific activity. The 
committee’s recommendations, however, 
were rejected, and President Harry Truman 
(1884-1972) decided to drop two bombs, 
one on Hiroshima and one on Nagasaki. 

Szilard’s agitation, against the wishes of 
Groves and even scientific leaders such as J. 
Robert Oppenheimer (1904—1967), became 
more pronounced when the war ended. He 
opposed the postwar legislation that would 
have given the military greater control of 
atomic energy; Szilard advocated openly for 
the McMahon Bill, which provided for 
greater civilian control. He was a founding 
member of the Federation of Atomic Scien- 
tists, a body that sponsored the Bulletin of the 
Atomic Scientists to air scientists’ often contro- 
versial views on science policy. 

Groves retaliated to Szilard’s actions dur- 
ing these years by pushing him out of atomic 
energy altogether. Groves tried to prevent 
public shows of appreciation for Szilard, even 
writing to officials to prevent something as 
basic as a Certificate of Appreciation from the 


Army. He criticized books about the atomic 
bomb that emphasized Szilard’s importance, 
evening belittling encyclopedia entries. In his 
words, Szilard was a “parasite living on the 
brains of others” (Lanouette 1992, 313). 
Szilard made the best of a bad situation, 
scientifically by pursuing biology and politi- 
cally by advocating arms control. When 
Jacques Monod (1910—1976) shared a Nobel 
Prize in 1965 for his work on enzymes, he 
credited Szilard for his productive ideas in this 
area. He regularly put his scientific celebrity 
to use, in the Pugwash conferences between 
scientists of the East and West, the Council 
for a Livable World (which he founded in 
1962), and even by meeting personally with 
Soviet premier Nikita Khrushchev (1894— 
1971) in 1960 to discuss ways of easing global 
tensions. Throughout his life, Szilard and his 
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fellow Hungarian physicists were dubbed 
Martians for their bizarre genius, unorthodox 
views, and outsider status. More than the oth- 
ers, Szilard was both at the center of activity 
and on the periphery, never quite belonging. 
As his biographer called him, he truly was a 
genius in the shadows. 


See also Atomic Bomb; Brain Drain; Federation 
of Atomic Scientists; Manhattan Project; Social 
Responsibility 
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Technocracy 

Rule by scientific elite was a fantasy of Fran- 
cis Bacon at the turn of the seventeenth cen- 
tury. After the industrial revolution of the 
nineteenth century, some thought that the 
progress of civilization would be ensured if 
governments were entrusted to the brightest 
minds trained in technical fields. But the 
twentieth century saw both endorsement and 
fear of technocracy. Should society put its 
faith in science and technology? Many people 
in the United States, Europe, and Russia 
thought so. Some of that faith faltered during 
World War I, which saw the first use of 
chemical weapons and other destructive 
products of superior technology. It stumbled 
further during the Great Depression, when 
advances in technology favored automation 
in a time of rising unemployment. Only 
World War II provided a boost to the idea 
that governments should be influenced by— 
if not run by—a set of specialists in science 
and technology. 

After the Bolshevik Revolution of 1917, 
when Russia’s aristocratic elites disappeared 
from government, mid-level technical spe- 
cialists rose to the higher ranks. The process 
of replacing old regime functionaries with 
engineers, scientists, and physicians led to an 
emphasis on technical expertise in state plan- 


ning, and it also provided a new means of so- 
cial mobility in the Soviet Union. This 
process was encouraged by the new political 
leaders who hoped to fully transform the 
government from a czarist bureaucracy toa 
Communist one. The technocrats, previously 
a sub-elite class, became a major source of 
support for Joseph Stalin (1879-1953) in the 
1930s during his reforms of agriculture, in- 
dustry, and education. Both Vladimir Lenin 
(1870-1924) and Stalin tied Communist 
progress closely to technological progress, 
whether it was Lenin’s effort to provide 
widespread access to electricity or Stalin’s 
dogged pursuit of the atomic bomb. 

Other countries saw science and technol- 
ogy as a mark of civilization as well, but tech- 
nological innovation also sparked hostile reac- 
tions. U.S. president Herbert Hoover’s 
(1874—1964) Committee on Recent Social 
Trends concluded in 1933 that social innova- 
tion was far behind technical innovation. Some 
argued that permanent unemployment would 
be the natural result, unless technocrats took 
over to create social reforms to keep pace with 
technological change. The technocratic move- 
ment in the United States was brief, but its 
basis was readily comprehensible: Men were 
being replaced by machines in the workforce, 
and without specialists in charge, this would 
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continue unabated. But entrusting scientists 
with society’s broad problems did not appeal 
to everyone; if science was destroying jobs, 
scientists could not be trusted to run the coun- 
try. The Great Depression saw, instead, a rise 
in religious groups’ hostility to science and the 
increasing influence of the humanities on uni- 
versity campuses. 

World War II, with its scientific and tech- 
nological miracles of radar, penicillin, and 
the atomic bomb, revived the concept of 
technocracy in the United States. Vannevar 
Bush (1890-1974), the head of the wartime 
Office of Scientific Research and Develop- 
ment, tried to secure permanent recognition 
of science as the cornerstone of the nation’s 
welfare by publishing a report on postwar re- 
search called Science—The Endless Frontier. His 
efforts, along with Manhattan Project scien- 
tists’ attempts to shape postwar atomic en- 
ergy policy by lobbying for civilian control, 
provoked hostility by political and military 
leaders who felt that scientists should be “on 
tap” rather than “on top.” The early Cold 
War period would mark a high point in the 
power of scientists in government, and the 
dream—or nightmare—of technocracy 
seemed to be at hand. Although scientists’ 
recommendations were often ignored, as in 
the case of a top advisory panel’s 1949 rec- 
ommendation not to develop the hydrogen 
bomb, scientists entered the corridors of 
power increasingly in the 1950s. This was 
owing largely to U.S. and Soviet efforts to 
compete for scientific and technological su- 
periority while pursuing research on new 
weapons. By the end of that decade, Presi- 
dent Eisenhower would warn the nation 
about the growing power of the military-in- 
dustrial complex in which scientists often 


played the leading role. 
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Teilhard de Chardin, Pierre 
(b. Orcines, France, 1881; d. New York, 
New York, 1955) 

Pierre Teilhard de Chardin was a Jesuit 
scholar and philosopher who was associated 
with many of the famous paleontological 
findings of his time and who developed a con- 
troversial spiritual philosophy that attempted 
to bring together science and religion. Taking 
an interest in paleontology, geology, and an- 
thropology, Teilhard’s scientific efforts 
gained some notoriety because he was among 
the first researchers to analyze the bone frag- 
ments in Zhoukoudian, near Beijing, China, 
known as Peking Man. His philosophical 
writings attempted to incorporate the notion 
of evolution into his faith. A Frenchman, 
Teilhard attended the Jesuit College of Mon- 
gré at Villefranche-sur-Saône, joined the So- 
ciety of Jesus (the Jesuit Order), and lived in 
England and Egypt from 1904 to 1912 while 
completing religious studies. Upon his return 
to France, he became interested in evolution 
when studying under French paleontologist 
Marcellin Boule. 

Teilhard’s initial notoriety came when he 
traveled to England in 1913 and distin- 
guished himself by discovering a human 
tooth at the famous Piltdown site. However, 
in the 1950s, the whole site was decreed 
fraudulent by scientists, posing a giant ques- 
tion mark on Teilhard’s integrity. He pub- 
lished on other subjects, such as Eocene 
mammals. After serving his country in North 
Africa during World War I, Teilhard re- 
turned to France and received his doctorate 
from the Sorbonne in 1922. He then became 
a professor of geology at the Institut 
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Pierre Teilhard de Chardin (right) gained a reputation as a paleontologist and later tried to incorporate evolutionary theory 


into Catholic theology. (Bettmann/ Corbis) 


Catholique de Paris. But his nascent ideas 
about the relationship between science and 
religion proved intolerable to the Jesuit 
Order; he lost his position and was obliged 
not to publish his ideas. He did continue his 
scientific writing, however. After hearing 
about the discovery of a major deposit of an- 
cient remains in China, he traveled to Beijing 
and became one of the early writers on 
Peking Man. He also traveled to eastern 
Africa and helped to excavate areas along the 
rail lines. He returned to China to become 
the scientific adviser to the Geological Sur- 
vey, where he worked until the outbreak of 
war. He also conducted fieldwork in India, 
Burma, Java, and South Africa. 

His embrace of scientific ideas compelled 


Teilhard to reshape his own faith. In the 
1920s and 1930s he developed a spiritual 
philosophy that would, after his death, in- 
spire many followers. His philosophy incor- 
porated evolution not merely into biology 
but also into human consciousness. Teil- 
hard’s tendency toward Lamarckism is evi- 
dent in the fact that his conception of uni- 
versal evolution, or “cosmogenesis,” is 
directed toward a goal. In Darwinian evolu- 
tion, evolution is random, branching out in 
many directions without a goal. Lamarckian 
evolution is goal-oriented, directed toward 
increasingly more useful forms. For Teil- 
hard, the human consciousness evolves in the 
Larmarckian sense toward increasing com- 
plexity, sophistication, and—perhaps most 
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important—-spiritualization. In his view, the 
randomness of Darwinian evolution is tem- 
pered by the will of human consciousness to 
evolve toward greater complexity. Teilhard 
wanted to emphasize that the evolutionary 
process created (and continues to create) the 
mind, not just the body. Eventually, at some 
point in our evolutionary future, all human 
minds will unite into a single entity or per- 
sonality, at what Teilhard called the Omega 
point. This concept underlies Teilhard’s 
spiritual monism, or his conviction that all 
human beings are linked as parts of a single 
spirit. These ideas were set forth in his book, 
The Phenomenon of Man, written in the 1920s 
and 1930s but not published until after his 
death. 

Although Teilhard gained many followers 
through his philosophical efforts, he created 
numerous enemies. Some scientists thought 
he used the doctrines of evolution selec- 
tively; clergymen made the same charge 
about the doctrines of the Catholic faith. In 
general, the Catholic Church took a dim view 
of Teilhard’s efforts to refashion the nature of 
faith, especially his notion that the goal of the 
future was the unity of the mind. His reputa- 
tion as a philosopher, for the most part, was 
achieved posthumously. Many scientists crit- 
icized his work and sought to discredit him. 
Writer and evolutionary biologist Stephen 
Jay Gould went so far as to suggest that Teil- 
hard was responsible for the infamous Pilt- 
down forgery. 


See also Evolution; Peking Man; Piltdown Hoax; 
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Thomson, Joseph John 
(b. Manchester, England, 1856; d. 
Cambridge, England, 1940) 

Joseph John Thomson, or J. J. Thomson as 
he was more commonly known, discovered 
the electron at the end of the nineteenth cen- 
tury. His discovery began a period of inten- 
sive scientific activity in subatomic physics, 
which became the most significant field of 
physics in the first half of the twentieth cen- 
tury. He became Cavendish Professor at 
Cambridge University’s Cavendish Labora- 
tory, a position previously held by James 
Clerk Maxwell (1831—1879) and John 
William Strutt, known better as Lord 
Rayleigh (1842—1919). He proposed the first 
widely accepted model of atomic structure. 
Under his guidance, the Cavendish Labora- 
tory became a center of research on rays, 
atomic structure, radioactivity, and sub- 
atomic particles. 

In the late nineteenth century, many 
physicists began to investigate the behavior of 
electricity in evacuated tubes. The conduc- 
tion of electricity through a near vacuum ap- 
peared to produce a kind of ray, lighting up 
the inside of the tube. According to then-ac- 
cepted physical concepts, these “cathode 
rays” could be propagated through a vacuum 
by the “ether,” an ill-defined substance that 
allegedly was omnipresent but not de- 
tectable. The cathode rays appeared to be- 
have like light, and thus some concluded that 
they were waves. Other evidence indicated 
that the rays were in fact material in nature. 
In the 1890s, experiments showed that the 
rays could be manipulated by magnets and 
that they carried a negative charge. In 1897, 
German physicist Emil Wiechert (1861— 
1928) determined that the ratio of mass to 
charge was much smaller (by more than a 
thousand times) than the accepted ratio for 
the smallest charged atom. The implication 
was that if the rays were made up of particles, 
these particles would need to be far tinier 
than anything yet known. 

Thomson was also deeply involved in ex- 
ploring cathode rays. His lectures to physi- 


cists in the United States culminated in his 
1897 book, Discharge of Electricity through 
Gases. But it was upon his return to England 
that he made a more important discovery, 
that the “rays” were indeed built up of parti- 
cles and that they were the constituents of all 
atoms. He believed that his experimental evi- 
dence, by electromagnetic deflection and by 
measuring the kinetic energy of the rays, had 
proven it. When he discovered it in 1897, he 
did not initially call it the electron, but chose 
instead the word corpuscle to emphasize the 
material nature of the particle. The electron 
had already been proposed theoretically by 
others, notably Henrik Lorentz (1853—1928) 
and Joseph Larmor (1857—1946), but these 
physicists had conceived of electrons as 
charges without matter. For Thomson, the 
new particle was very much matter, and in- 
deed he believed it was the fundamental form 
of matter in atoms. Despite Thomson’s 
choice, the name electron proved more lasting. 

After making his discovery, Thomson 
went on to devise a model of atomic struc- 
ture. He envisioned small electrons sur- 
rounded by positively charged, fluidlike 
matter. The visual image of electrons swim- 
ming in a charged soup earned Thomson’s 
concept the name “plum pudding” atom. Be- 
tween 1904 and 1909, Thomson wrote fre- 
quently of his model, with electrons rotating 
about the atom, bound to it by a homogenous 
mass of positively charged electricity. This 
model proved empirically problematic for 
several reasons. The most decisive one was 
that the “plum pudding” atom failed to ac- 
count for the experiments on alpha scattering 
taking place at the University of Manchester 
during these years. Ernest Rutherford 
(1871-1937), who presided over these ex- 
periments, introduced a replacement—the 
nuclear atom—for Thomson’s model in 
1911, and after a few years the “plum pud- 
ding” atom lost its adherents. 

The inadequacy of Thomson’s atom did 
not detract from his monumental accom- 
plishment of identifying the electron as a sub- 
atomic particle. In 1906, Thomson received 
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the Nobel Prize in Physics. His role at the 
Cavendish was taken over by Rutherford 
himself, who assumed the mantle of leader- 
ship in subatomic physics in the second 
decade of the century. Thomson resigned 
from Cavendish Laboratory in 1919 to be- 
come master of Trinity College (Rutherford 
became the director of the Cavendish). His 
son, George Paget Thomson, also became a 
world-renowned physicist for his work on 
electrons (and in 1937, he also won a Nobel 
Prize for his efforts). 


See also Atomic Structure; Cavendish 
Laboratory; Physics 
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Turing, Alan 
(b. London, England, 1912; d. Manchester, 
England, 1954) 

Alan Turing was a central figure in the de- 
velopment of computation theory, digital 
computers, and artificial intelligence. He at- 
tended Cambridge University and was influ- 
enced by the dilemmas in mathematical logic 
posed by theorists such as Bertrand Russell 
(1872—1970) and Kurt Gödel (1906—1978). 
In attempting to address the question of the 
possibility of definitive mathematical proofs, 
which Gödel had proclaimed impossible in 
his “incompleteness” theorem, Turing devel- 
oped a theoretical computation machine. He 
worked for British intelligence during 
World War II, helping it to break the Ger- 
man military’s radio codes, and later de- 
signed one of the first computers. He also 
became a pioneer in the field of artificial 
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intelligence. He died of cyanide poisoning in 
1954, likely a suicide. 

Turing came to prominence in 1936 after 
publishing a mathematical article that out- 
lined the concept of a computation machine. 
This Turing machine, as it was later called, 
became the theoretical basis of digital com- 
puting. The machine made calculations based 
on sequences of binary digits set down on a 
piece of tape. Theoretically, the tape could 
be made as long as needed. This device used 
simple mathematics, which meant that com- 
plex problems would require extensive 
amounts of tape to be worked out com- 
pletely. Turing’s device was quite different 
from another kind of computer being con- 
ceptualized in the 1930s in the United States 
by Vannevar Bush (1890-1974), the differ- 
ential analyzer. Turing’s theoretical device 
was digital, whereas Bush’s was analog. Dig- 
ital computers had the disadvantage of re- 
quiring long, basic calculations, whereas ana- 
log computers made calculations that 
modeled the particular problem. 

During World War II, Turing became a 
central figure in Britain’s cryptanalysis ef- 
forts. He helped to develop devices that 
could make extensive calculations automati- 
cally, which were well suited to deciphering 
codes that had been mechanically produced 
by the Germans’ encryption devices, includ- 
ing the Enigma cipher machine. At Bletchley 
Park, north of London, Turing and others 
worked to decode these messages; their se- 
cret successes allowed the British to have de- 
tailed knowledge of German movements, al- 
lowing for a decisive advantage in the war. 
The work at Bletchley Park established the 
foundation of the study of cryptanalysis. 
When the war ended, Turing continued his 
involvement in computer design, working 
for the National Physical Laboratory. There 
he designed an early electronic digital com- 
puter, the Automatic Computing Engine, 
which could be used to make calculations in 
ballistics and navigation. Such a machine was 
soon developed, the Pilot ACE, to put the 


theoretical possibilities of high-speed compu- 
tation into practice. 

Turing’s interests turned increasingly to- 
ward artificial intelligence, which posed the 
question of whether a computer could learn. 
He left the National Physical Laboratory and 
focused on artificial intelligence when he 
moved to Manchester University in 1948. In 
1950, he wrote an article in the journal Mind 
entitled “Computing Machinery and Intelli- 
gence,” in which he proposed that human be- 
ings themselves were information proces- 
sors, and thus were computers, and the 
world around us is information to be 
processed. Computers themselves would 
eventually “learn” in the same ways that hu- 
mans do. He developed what became known 
as the Turing Test. This was simply a way to 
judge whether a computer was intelligent or 
not; it required a person to interrogate a 
human being and a computer, without know- 
ing which one was which. Based on the re- 
sponses, the person would guess who was 
who; a wrong guess meant that the computer 
was intelligent. 

Although Turing was a pioneer in mathe- 
matics, computers, and artificial intelligence, 
he also was alienated because of his homosex- 
uality after he moved from Cambridge to 
Manchester. He was arrested in 1952 be- 
cause of his sexual activities, and was forced 
to submit to estrogen therapy to reduce his 
desire to have sex with men. His biographer, 
Andrew Hodges, suggests that this might 
have contributed to his suicide. 
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Uncertainty Principle 

The uncertainty principle was one of the 
most celebrated concepts developed in the 
twentieth century. Enunciated by Werner 
Heisenberg (1901-1976) as a result of his 
work in creating quantum mechanics in the 
1920s, the uncertainty principle challenged 
the fundamental notions of physical reality 
and the project of science itself, by denying 
determinism and casting doubt on the com- 
mensurability of classical variables in physics, 
such as momentum and position. Uncertainty 
became part of the Copenhagen interpreta- 
tion of quantum mechanics, a view that was 
both physical and philosophical. 

After developing his matrix mechanics, 
which formed the basis of quantum mechan- 
ics, Heisenberg was struck by the implica- 
tions of the quantum in such simple relation- 
ships as the momentum and position of an 
electron. Heisenberg knew that, in order to 
describe such variables, one had to devise a 
way to observe them; unfortunately, at such 
tiny scales, the interplay of light quanta 
(which carry inertia) alters the system as soon 
as they are introduced and before they are 
perceived by the experimenter. Therefore 
some indeterminacy must be attached to 
these variables, and indeed quantum mechan- 
ics is based on probabilistic relationships that 


require a unit for indeterminacy. A statisti- 
cian would see the quantitative unit for inde- 
terminacy as equivalent to standard devia- 
tion. Indeterminacy might be expressed as ?, 
the position could be q, momentum could be 
p, and Planck’s constant—the basis of quan- 
tum physics—is h. Heisenberg developed an 
equation to represent the relationship be- 
tween the amount of indeterminacy for posi- 
tion and momentum at the quantum scale, 
?q?p = h/4p. All one needs to notice here is 
that the product of the two uncertainties can- 
not be less than h/4p, which itself is constant 
(and extremely small). Should the value at- 
tempt to fall below this, decreasing either ?q 
or ?p will simply increase the other. In other 
words, more precision about an electron’s 
position would simply make its momentum 
less clear, and vice versa. These became 
known as the uncertainty relations, which 
Heisenberg proposed in 1927. Heisenberg 
announced that one could no longer count on 
science to give predictions based on causality, 
because the present dynamics of any system 
could never be determined with precision. 
Also called the indeterminacy principle, 
the uncertainty principle posed a fundamen- 
tal question about the nature of knowledge. 
Scientists long had been accustomed to the 
possibility that future conditions could only 
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be predicted probabilistically and that it 
might not be possible to determine cause and 
effect. But this kind of indeterminacy was, 
physicists such as Albert Einstein (1879— 
1955) reasoned, owing to limitations on sci- 
entists’ knowledge of present conditions. It 
did not negate the fact that scientists should 
be determinists—that is, concerned with un- 
derstanding the dynamics of nature to such an 
extent that ultimately causes and effects 
could be identified and calculated, and thus 
future conditions accurately predicted. True, 
the future could only be determined proba- 
bilistically, but only because of present 
imperfections in knowledge, not the impossi- 
bility of such knowledge. Heisenberg’s un- 
certainty principle asserted that the proba- 
bilistic nature of knowledge could never be 
overcome, because present conditions could 
never be identified precisely (or at least, all 
of the variables could not be identified with 
precision simultaneously). It struck a blow 
against determinism in science. The uncer- 
tainty principle also emphasized the connec- 
tion between reality and human measure- 
ment, which Heisenberg did not see as 
separate. The notion that there is no inde- 
pendent reality from a scientist’s observation 
stood against the assumptions of classical 
physics. 

The uncertainty principle became part of a 
larger body of ideas called the Copenhagen 
interpretation of quantum mechanics, named 
after the home city of theoretical physicist 
Niels Bohr (1885—1962). More than just a se- 
ries of equations or a framework for under- 
standing physical relationships, this interpre- 
tation drew out some of the epistemological 
ramifications of the uncertainty principle. 
Heisenberg’s premise was that knowledge of 
one variable (such as momentum) cannot si- 
multaneously be known with another (such 
as position). The more one knows of one, the 
less one knows of the other; precise knowl- 
edge of them both, at the same time, is im- 
possible. Bohr extended this interpretation 
to include understandings of entire systems 
of nature, particularly the competing visions 





Werner Heisenberg developed the uncertainty principle, 


which became a cornerstone of the Copenhagen 


interpretation of quantum mechanics. (Bettmann / Corbis) 


of what matter was composed of—waves or 
particles. In 1929, Bohr claimed that both are 
necessary, because a complete picture is im- 
possible without both. Yet one cannot ob- 
serve a system without disturbing it, and 
one’s results will depend greatly on the way 
the scientific questions are posed. Although a 
more precise understanding of physics can be 
achieved if the investigator perceives the sys- 
tem as one composed of waves, such investi- 
gations yield less precise understanding of 
questions framed from the particle interpre- 
tation. The two frameworks complement 
each other—and Bohr chose the name com- 
plementarity principle to reflect that. The un- 
certainty principle, Bohr determined, was a 
specific case of the broader complementarity 
principle, both of which denied the separa- 
tion of the natural world from the action and 
expectations of the observer. 


See also Bohr, Niels; Determinism; Einstein, 
Albert; Heisenberg, Werner; Philosophy of 
Science 
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Uranium 

Uranium is a natural element that is present 
in ores called pitchblende. It is an unstable, 
“radioactive” element that emits alpha parti- 
cles as part of its normal radioactive decay. 
Its two main isotopes, U-235 and U-238, are 
the parents in decay series that ultimately re- 
sult, after many transmutations, in the pro- 
duction of stable isotopes of lead. Pitch- 
blende was used in the early twentieth 
century by scientists such as Marie Curie 
(1867—1934) to isolate the elements radium 
and polonium, both of which are parts of the 
decay series. A great number of radioactive 
elements exist in pitchblende, many of them 
not for very long, as they continue to emit ra- 
diation and thus transmute to other ele- 
ments. Until the late 1930s, uranium’s im- 
portance to science was confined to its 
experimental value as a source of alpha parti- 
cles and to its role in the decay series. Re- 
searchers such as Ernest Rutherford 
(1871—1937), Frederick Soddy (1877— 
1956), and Bertram Boltwood (1870—1927), 
all of whom sought to identify the elements 
of the decay series, saw the process as mod- 
ern alchemy (although in this case, lead was 
the end product, not the beginning one). But 
by 1939, uranium assumed a new importance 
as an element that could be split—atomic fis- 
sion made uranium the most sought-after el- 
ement on the planet because it was needed to 
make atomic bombs. 


Albert Einstein’s (1879—1955) famous 
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1939 letter to President Franklin Roosevelt 
(1882—1945), widely credited for catalyzing 
the U.S. bomb project, did not suggest that 
the United States build a bomb, but rather 
that the United States take care to ensure an 
ample supply of uranium. This element, he 
suspected, might be turned into an important 
source of energy and a new kind of bomb. 
Although the United States had some ura- 
nium mines, the most important sources of 
uranium were in Canada and in Africa, in 
Belgian-controlled Congo. He alerted the 
president that sales of uranium from Czecho- 
slovakia (then controlled by Germany) had 
stopped—a possible sign that a German 
bomb project was well under way. 

In the 1930s, it was not clear that uranium 
would be the best material to “fission” and 
cause a chain reaction, both necessary to cre- 
ate a bomb. Hungarian-born Leo Szilard 
(1898—1964), who was the most constant be- 
liever in the possibility of fission, had be- 
lieved that the element beryllium might 
work best. But after the laboratory discovery 
of fission in 1939 by German scientists Otto 
Hahn (1879—1968) and Fritz Strassman 
(1902—1980), and the subsequent theoretical 
explanation by Lise Meitner (1878—1968) 
and Otto Frisch (1904—1979), uranium was 
clearly capable of fission. Fission split the 
atom in two, creating lighter elements and 
converting a small portion of the mass from 
the uranium into energy. Others, such as Szi- 
lard and Enrico Fermi (1901—1954) in the 
United States, believed that if fission could be 
sustained among many atoms—a chain reac- 
tion—then an extraordinary amount of en- 
ergy could be released. In 1942, they 
presided over the first major experimental 
success of the Manhattan Project (the name 
of the atomic bomb project in the United 
States), achieving a controlled chain reaction. 

The task of turning uranium into bomb 
material was complex. Only one of ura- 
nium’s isotopes was suitable for chain reac- 
tions, namely, uranium with an atomic 
weight of 235, or U-235. This was a rare iso- 
tope, swamped by the ubiquitous presence of 
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its more common relative, U-238. Processes 
of separating, or “enriching,” uranium, to 
produce larger samples of U-235, became 
the major industrial focus of the bomb proj- 
ect. Several methods of isotope separation 
were attempted, including electromagnetic 
separation and gaseous diffusion. Another el- 
ement, plutonium, was especially suitable for 
fission as well, and it was created artificially 
from uranium. Ultimately these manipula- 
tions produced enough uranium and pluto- 
nium to build atomic weapons. The bombs 
used by the United States against Japan in Au- 
gust 1945 were very inefficient, and caused 
only a fraction of the material to fission. 
Throughout the postwar era, scientists in the 
United States worked to maximize the explo- 
sive power of uranium and to test the biolog- 
ical effects of its harmful radiation. 

In order to match the power of the United 
States, the Soviet Union also needed the pre- 
cious commodity. Soviets began to seek out 
uranium from any source it could find. The 
military leader of the Manhattan Project, 
General Leslie Groves (1896—1970), made it 
a priority to establish an Anglo-American 
monopoly on uranium, to prevent the Soviet 
Union from having enough material to build 
a bomb for at least a decade. But as the war 
ended, the Red Army seized about one hun- 
dred tons of uranium from Auer, a German 
company. The Soviet Union also began an in- 
tensive effort to mine uranium, and it did so 
with little concern about the health effects. 
Although it had small sources of uranium 
within its own borders, a much larger supply 
was found in the western Erzgebirge (Ore 
Mountains), in Germany. The Red Army oc- 
cupied this area in 1945, and the next year it 
transformed its towns and villages into a 
complex with the single purpose of mining 
uranium; it soon became one of the world’s 
leading producers. The Soviets drafted work- 
ers for the mines and even used work in the 
mines as punishment for criminals. The re- 
gion’s population increased dramatically, 
owing to the influx of forced labor, creating 
poor living conditions to complement the 


bad working conditions. Miners routinely 
breathed radioactive dust and waded in ra- 
dioactive sludge. Efforts to recruit miners 
frightened thousands of workers into leaving 
the Soviet zone of occupation. Although 
these conditions were not paralleled in the 
United States, both countries often priori- 
tized the demands of national security over 
individual human health. By 1949, the three 
most productive uranium mines in the world 
were the Eldorado mine in Canada, the 
Shinkolobwe mine in the Belgian Congo, and 
the Joachimsthal mine in Czechoslovakia 
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Urey, Harold 
(b. Walkerton, Indiana, 1893; d. La Jolla, 
California, 1981) 

Harold Urey was a U.S. physical chemist 
who discovered the existence of heavy hy- 
drogen in the 1930s, played a major role in 
the atomic bomb project, and then devel- 
oped an influential theory about the compo- 
sition and origins of the moon and planets. 
He went to college at the University of Mon- 
tana, taking a degree in 1917. After working 
in industry as a research chemist, he entered 
graduate school in 1921. He took his doctor- 
ate in 1923 from the University of Califor- 
nia—Berkeley, in physical chemistry. Urey 
traveled to Europe for a year to work in 
Niels Bohr’s (1885—1962) 


institute in 
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Harold C. Urey is pictured here at work with a mass spectrometer. (Bettmann / Corbis) 


Copenhagen. After a brief period at the 
Johns Hopkins University, he took a position 
in 1929 at Columbia University. 

Urey’s renown in the 1930s came from his 
discovery of heavy hydrogen, more com- 
monly called deuterium. Deuterium is a rare 
isotope of ordinary hydrogen, but with about 
twice the mass. In late 1931, Urey and his 
colleagues Ferdinand Brickwedde (1903— 
1989) and George Murphy (1903-1968) at 
Columbia found that “heavy water” consists 
of one atom of oxygen and two atoms of 
heavy hydrogen. They isolated it by evapo- 
rating four liters of liquid hydrogen, identify- 
ing the heavy isotope with spectroscopic 
methods. One reason for deuterium’s impor- 
tance was that it was immediately seen to be 
very suitable as a projectile in nuclear exper- 


iments. Heavy hydrogen’s excess weight 
would make it a valuable tool in a particle ac- 
celerator. Adding energy by speeding 
deuterons, as Urey called the particles, be- 
came a principle way of stimulating nuclear 
reactions in other elements. For this discov- 
ery, Urey received the Nobel Prize in 1932. 
The following year, he founded the Journal of 
Chemical Physics as a publication to focus on 
topics such as nuclear reactions. He became 
its first editor, a position he kept until 1941. 

During World War II, Urey was heavily 
involved in the efforts to build the atomic 
bomb. He directed a program of isotopic sep- 
aration, the process by which “enriched” ura- 
nium, U-235, was isolated from its more 
common sibling, U-238. After the war, Urey 
moved to the Institute for Nuclear Studies at 
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the University of Chicago. His interests 
shifted to geochemistry, geophysics, and 
even cosmology. Part of the reason for his 
change of subject matter, which would lead 
to work that inspired the scientific agenda of 
the Apollo missions to the moon, was his de- 
sire to distance himself from the weapons 
programs he helped to create during the war. 
He did, however, continue to serve in an ad- 
visory capacity to the Atomic Energy Com- 
mission in the 1950s. Another reason was his 
fascination with the properties of the moon, 
reinforced by reading Ralph B. Baldwin’s 
(1912—) 1949 book, The Face of the Moon. 
Urey’s own studies of the moon and planets 
brought his expertise as a chemist to the 
long-standing questions about planets’ (and 
their satellites’) origins. 

Urey presented his ideas about the earth’s 
formation in 1949, at a meeting of the Na- 
tional Academy of Sciences. He believed that 
the earth had condensed from a cloud of dust 
at relatively low temperatures. He likened 
the earth’s initial core to that of the present- 
day moon, now altered and masked by the 
earth’s evolution over the millennia. Urey’s 
background in chemistry gave the theory 
some added credibility. His book The Planets 
appeared in 1952. It is credited with con- 


vincing many scientists to enter the field of 
solar system astronomy, which was an inter- 
disciplinary field embracing the “earth” sci- 
ences—geophysics, geochemistry, and mete- 
orology. He was convinced that the moon 
was still in a primordial state, unaltered as 
the earth had been by erosion and other dy- 
namic forces. It preserved the historical 
record better than the earth; in the moon, 
scientists could understand the earth’s own 
conditions billions of years ago. Sending hu- 
mans to the moon, which the United States 
did in 1969, was motivated by national com- 
petition more than science; yet Urey’s work 
provided a strong justification. Studying the 
moon might illuminate the earth’s own geo- 


physical history. 
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Vavilov, Sergei 
(b. Moscow, Russia, 1891; d. Moscow, 
USSR, 1951) 

Sergei Vavilov spent much of the 1920s in 
the shadow of his brother, Nikolai Vavilov 
(1887-1943), whose rising eminence as a ge- 
neticist outstripped Vavilov’s own as a physi- 
cist. Until 1929, he worked at the Institute of 
Physics and Biophysics in Moscow. He had 
the opportunity to travel abroad and studied 
in Berlin in 1926. He was by no means a man 
of eminence. But in 1932, almost inexplica- 
bly, Vavilov became a member of the Acad- 
emy of Sciences and was asked to direct an 
institute of physics. His rise in stature partly 
can be attributed to the instability of the sci- 
entific community, as the government in- 
creasingly looked for conformity with Com- 
munist ideology. Not all scientists fit the 
mold, but Vavilov appeared to adapt to it 
very well. Vavilov was one of many new 
members of the academy intended to instill 
the spirit of the Communist Party in the 
academy and in Soviet science generally. 

In 1934, the takeover of science by ideo- 
logues seemed to be sealed when the acad- 
emy moved from Leningrad to Moscow in 
order to be fully subordinated to the govern- 
ment’s Council of Ministers. The same year, 
Vavilov was asked to head a new, well- 


funded research center for physics, the 
Fizicheskii Institut Akademii Nauk (FIAN). 
His students and colleagues later credited 
him with fostering an atmosphere of pure sci- 
ence, in which he did not interfere with their 
work, and with protecting them from peri- 
odic political upheavals. Most of Vavilov’s 
colleagues appreciated his political skill 
under Joseph Stalin (1879-1953), which 
helped them to keep their posts. 

In the laboratory, Vavilov was interested 
in the properties of light, particularly the lu- 
minescence of liquids. His graduate student 
Pavel Cherenkov (1904—1990) discovered in 
1935 a faint blue radiation that soon was 
called Cherenkov radiation. In the Soviet 
Union, it was called Vavilov-Cherenkov radi- 
ation, because of Vavilov’s important role in 
leading Cherenkov to his problem and his 
participation in the work. Other physicists at 
the institute, Ilia Frank (1908—1990) and 
Igor Tamm (1895—1971), provided the theo- 
retical explanation for the radiation in 1937: 
It was the result of particles moving faster 
than the speed of light in a given medium. 
This work revised the theory of relativity 
slightly, noting that light is unsurpassed only 
in a vacuum. Like a sonic boom in the case of 
sound, exceeding the velocity of light re- 
sulted in a special kind of radiation. 
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This scientific work was not always appre- 
ciated. Another Soviet physicist, Piotr 
Kapitza (1894-1984), derided Vavilov’s ob- 
session with liquid fluorescence, saying, “you 
can play with the apparatus for all your 
life... .. He never did anything else” (Ko- 
jevnikov 1996, 26). (In Kapitza’s estimation, 
Vavilov did not have the scientific eminence 
even to belong in the academy and must have 
achieved his stature by knowing what to say 
to the right people.) 

Much of Sergei Vavilov’s notoriety sur- 
rounds the death of his brother, Nikolai Vav- 
ilov, himself an eminent scientist in the field 
of genetics. Nikolai was arrested in 1940 for 
“wrecking” (sabotage) in the field of agricul- 
ture. He was a geneticist and had been de- 
nounced by Trofim Lysenko (1898—1976), 
the agronomist who associated genetics with 
Western, anti-Marxist ideology. Nikolai 
Vavilov was sentenced to fifteen years in 
prison; he died in 1943 in Saratov prison. 
Westerners might have found it surprising 
that such a high-ranking scientist as Sergei 
Vavilov should remain in his position of au- 
thority after such a close relative was de- 
nounced and sentenced as an enemy of the 
state. Yet this was not so uncommon in the 
Soviet Union, where hardly any eminent per- 
son was untouched by Stalin’ s purges. One of 
Vavilov’s great successes as a public figure 
was in navigating such troubled waters with- 
out drowning in them himself. Indeed, his 
brother’s death did not bring Vavilov down 
at all. Nor did it stop him from praising Stalin 
and dialectical materialism, the official scien- 
tific philosophy of the Soviet Union. In 1945, 
he was “elected” to the presidency of the 
Academy of Sciences. Lysenko had also been 
a candidate, but because so many scientists 
did not respect his ideological enthusiasm, 
the loyal and respected Vavilov was the logi- 
cal choice. Many scientists breathed a sigh of 
relief that the academy did not fall into Ly- 
senko’s hands. Vavilov, of course, did not shy 
from tying science to ideology. In 1949, he 
helped Stalin celebrate his seventieth birth- 


day by giving a talk entitled “On Stalin’s Sci- 
entific Genius.” Although this was an overt 
embrace of Stalinist ideology, Vavilov’s 
choice of rhetoric never came close to that of 
Lysenko’s, which drew sharp distinctions be- 
tween “bourgeois” and “proletarian” science. 

Vavilov developed heart disease, and his 
health deteriorated drastically in 1950. He 
died in January 1951. Some of his last official 
actions were to reduce the number of Jews in 
high-ranking positions, in line with Stalin’s 
anti-Semitic policies. He probably encour- 
aged the resignation of the celebrated physi- 
cist Abram Ioffe (1880—1960) from the 
directorship of the Leningrad Physico-Tech- 
As historian Alexei Ko- 
jevnikov describes him, Vavilov was “a non- 


nical Institute. 


Communist and nonsympathizer who 
happened to become an exemplary Stalinist 


politician” (Kojevnikov 1986, 26). 

See also Academy of Sciences of the USSR; 
Cherenkov, Pavel; Light; Lysenko, Trofim; 
Soviet Science 
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Venereal Disease 

The turn of the twentieth century was a piv- 
otal moment in the history of medicine, as 
the study of pathogens by noted scientists 
Robert Koch (1843—1910), Paul Ehrlich 
(1854—1915), and others was leading to the 
identification of bacteria and the successful 
treatment of the world’s most terrible infec- 
tious diseases. Epidemics of tuberculosis and 
diphtheria were being conquered by effective 
public health measures, such as better sanita- 
tion and education about personal hygiene. 
At the same time, sexually transmitted dis- 
eases such as syphilis and gonorrhea were ad- 
dressed less effectively. As historian Allan M. 
Brandt has noted, confronting these diseases 
did not merely entail finding a “magic bullet” 


to cure them; rather, their existence and 
spread provoked dilemmas about moral be- 
havior and social control. 

Part of the problem of halting diseases 
such as syphilis was the social stigma attached 
to them. Progressive-era reformers at- 
tempted to prevent such diseases by raising 
public consciousness about its dangers, not 
just to one’s own life, but also to one’s fam- 
ily and community. This disease resulted 
from sinful behavior and was a mark of social 
decay. Public health officials capitalized on 
the fear of infection and promoted the 
stigmatization through publicity, especially 
posters, during wartime that emphasized the 
shame a man would feel if his family and 
friends discovered he had syphilis. Posters 
represented women as the carriers of disease, 
as forbidden fruit that seemed “clean” but in 
reality were deadly. 

Americans in particular made little 
progress in combating venereal disease in the 
1920s, largely because of its social stigma. 
Americans were more willing to blame the 
prevalence of the disease on immorality than 
on insufficient public health measures. The 
apparent rise in promiscuity in the 1920s 
seemed directly connected to increasing 
cases of disease. The key to controlling it 
would be to control social behavior, such as 
regulating the actions of couples in dance 
halls. In the 1930s, Surgeon General Thomas 
Parran (1892-1968) tried to reverse this 
emphasis. He waged a campaign against 
venereal disease in the United States and at- 
tempted to put less stress on individual re- 
sponsibility and more on public health meas- 
ures. He criticized the Army on the eve of 
World War II, for example, for failing to 
eliminate sources of temptation for soldiers. 
The government should crack down on pros- 
titution, Parran argued, not count on the 
men to exercise restraint. A successful pro- 
gram would combine education, repression 
of prostitution, medical treatment, and in- 
vestigations of contact by infected people. 

The issue of confronting venereal disease 
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Poster for treatment of syphilis, showing a man and a 


woman bowing their heads in shame (between 1936 and 


1938). (Library of Congress) 


posed a dilemma of responsibility not found 
in dealing with other infectious diseases. 
Health measures such as better sanitation and 
hygiene certainly seemed reasonable in the 
case of tuberculosis, cholera, and the like. 
But why should governments eliminate pros- 
titution or hand out condoms when a person 
could just as easily avoid disease through a 
personal choice, namely, abstinence? This 
question might seem legitimate, but despite 
moral indignation at human weakness, the 
probability of human promiscuity remained. 
During World War II, for example, 53 to 63 
percent of U.S. soldiers engaged in sexual in- 
tercourse, and about half of the married sol- 
diers had extramarital sex. Insisting on absti- 
nence seemed to be a naive illusion. 
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Fortunately, the development of peni- 
cillin during the war put a halt to the power 
of syphilis and gonorrhea. Its use cured 90 to 
97 percent of those afflicted. By the early 
1950s, these venereal diseases seemed to be 
disappearing. But public health officials 
would confront their dilemma repeatedly in 
the ensuing decades, with various sexually 
transmitted diseases. The AIDS epidemic 
that began in the 1980s would renew the 
politicization of a disease that, in some 
minds, resulted from immoral behavior. The 
idea that individuals, not societies, should be 
held responsible for such diseases has not 


faded entirely. 


See also Ehrlich, Paul; Medicine; Public Health; 
World War II 
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Von Laue, Max 
(b. Pfaffendorf, Germany, 1879; d. Berlin- 
Dahlem, Germany, 1960) 

Max Von Laue conducted early work on 
X-rays and crystals, pioneering the study of 
what became known as solid-state physics. He 
studied under Max Planck (1858-1947) at 
the University of Berlin, obtaining a doctorate 
in physics in 1903. After that he worked at the 
University of Gottingen for two years before 
returning to becoming Planck’s assistant. In 
1909, Von Laue attained a position as a pri- 
vatdozent at the University of Munich. In sub- 
sequent years, Von Laue held positions at sev- 
eral universities in Zurich, Frankfurt, 
Würzburg, and Berlin. 

Von Laue attained scientific renown by 
his work in X-ray diffraction. He proposed 
that if electromagnetic radiation of very 


short wavelengths were passed through 
crystals, one might expect there to be a dif- 
fraction effect. He based this idea on the 
theoretical assumption that if wavelengths 
were reduced to a magnitude of atomic dis- 
tances, one should expect some serious dis- 
turbances in the direction and intensities of 
the waves. Theoretically, he reasoned, X- 
rays should be diffracted by crystalline 
structures. After this was demonstrated in 
a laboratory setting to be the case, Von 
Laue worked out the mathematical reason- 
ing and published both the theory and the 
evidence for it in 1912. Not only had he 
shown the existence of diffraction, but he 
had proven that X-rays were in fact elec- 
tromagnetic radiation of short wavelengths 
(at that time, some believed they were par- 
ticles). For this work, which helped to 
begin the study of X-ray crystallography, 
Von Laue won the Nobel Prize in 1914. In 
later years, Von Laue expanded the field of 
solid-state physics further through his re- 
search on superconductivity. 

During World War II, Von Laue moved to 
Hechingen to be part of a community of 
physicists to aid the Nazi government in war- 
related work. Led by Werner Heisenberg 
(1901-1976), the physicists were charged 
with the task of developing an atomic bomb. 
Toward war’s end, Von Laue was taken pris- 
oner by the U.S. Alsos mission and detained at 
Farm Hall, a country manor near Cambridge, 
England, with several other high-ranking 
German scientists. Their conversations were 
secretly recorded to learn about the bomb 
project. They had fallen well short of the 
goal, having failed to achieve a fission chain 
reaction, which the Americans accomplished 
in 1942, 

After being released by the authorities, 
Von Laue returned to Germany and took a 
position at Gottingen before settling finally in 
Berlin-Dahlem, where he became the direc- 
tor of the Fritz Haber Institute for Physical 
Chemistry in 1951. His book on the history 
of physics, which he wrote during the war, 


went through several editions. He died from 
injuries received in an automobile accident 
when he was eighty years old. 


See also Bragg, William Henry; Physics; World 
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Vygotsky, Lev 
(b. Orsche, Russia, 1896; d. USSR, 1934) 

Russian psychologist Lev Vygotsky 
helped to establish the science of child 
development. His work on cognitive dis- 
abilities forged an entirely new approach to 
the subject now known as special educa- 
tion. One of his most important innova- 
tions was to differentiate between the 
physical and developmental aspects of cog- 
nitive disabilities. This achievement cannot 
be overestimated, because it dealt a severe 
blow to the notion that cognitive disabili- 
ties were beyond therapy. 

Vygotsky did not begin his career as a psy- 
chologist. He took a degree in law from 
Moscow University in 1917, the year of the 
Bolshevik Revolution. He turned his studies 
more fully to psychology in the 1920s, but 
retained a great affinity for the humanities; he 
penned The Psychology of Art in 1925. Vygot- 
sky worked in a different tradition than most, 
emphasizing the sociological aspects of psy- 
chology such as language and culture, rather 
than strictly the behavioral aspects. This set 
him apart from the eminent psychologists of 
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his time such as Ivan Pavlov (1849—1936) and 
Jean Piaget (1896—1980). Vygotsky saw cul- 
ture as the dominant force in cognition. Be- 
cause he believed the human consciousness 
was constructed by cultural forces, his brand 
of psychology was developmental rather than 
behavioral. 

Vygotsky identified signs, symbols, and 
language as the vehicles for sophisticated 
cognition. Development did not occur 
along a linear path, Vygotsky believed; 
rather, these cultural tools shaped a person 
as he or she grew from child to adult. 
Vygotsky was particularly interested in 
cognitive development in children, child 
psychology, and learning disabilities. In 
the Soviet Union, the study of disabilities 
later was dubbed defectology. Vygotsky 
recognized that cognitive disabilities were 
not all cultural in origin, as in the case of 
what he called primary defects, resulting 
from biological damage. But he also 
noted that some disabilities were socially 
defined, connected to but not resulting 
primary disability. These 
secondary defects could be delays or 
distortions in the development of social 


from the 


skills, associated with the interaction of 
the primary disability with the child’s 
social environment. The goal for defectol- 
ogists, he believed, was to find ways of 
compensating: improving communication 
and facilitating learning to eliminate and 
prevent common secondary defects. 
Vygotsky discarded the notion that cogni- 
tive disabilities were permanent and unchang- 
ing. Disabilities manifest themselves differ- 
ently from one person to the next, depending 
on their education, social interactions, and 
other factors. Vygotsky applied these insights 
to his field, called paedology (study of the 
child) in the Soviet Union. Unfortunately for 
Vygotsky, his work was criticized as anti- 
Marxist, despite his efforts to show how it 
was very much in line with socialist thought. 
He died of tuberculosis in 1934 while finish- 
ing a book, Thought and Language. In the 


334 Vygotsky, Lev 


Paedology Decree of the Central Committee 
of the Communist Party, issued in 1936, 
paedology was condemned and Vygotsky’s 
work was banned. The suppression of Vygot- 
sky’s work was highly successful; it did not 
come into wide circulation in the West until 
the 1960s. 


See also Mental Retardation; Psychology; Soviet 
Science 
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Wegener, Alfred 
(b. Berlin, Germany, 1880; d. Greenland 
icecap, 1930) 

Alfred Wegener has earned a reputation as 
being the father of continental drift and thus 
the father of the modern theory of plate tec- 
tonics. He certainly deserves most of the 
credit for the former, and almost none for 
the latter. Trained in astronomy (he received 
a Ph.D. from the University of Berlin in 
1904), Wegener was wounded in World 
War I and served his country as a meteorolo- 
gist. He was also part explorer, participating 
in expeditions to Greenland, one of which 
ended his life. He became controversial dur- 
ing the interwar years for his geophysical 
ideas, which drew on biological evidence far 
more than physical theory. 

In 1912, Wegener proposed that the con- 
tinents moved and that the apparent jigsaw fit 
of landmasses—most dramatically, the fit of 
western Africa with eastern South Amer- 
ica—was not coincidence. In 1915, he pre- 
sented his theory of continental drift in a 
book entitled The Origins of Continents and 
Oceans. Wegener described a supercontinent, 
“Pangaea,” which split apart millions of years 
ago, the present continents being the broken- 
up remnants of it. The idea, he said, came to 
him in 1910 as he was studying a world map. 


He found the apparent congruence of coast- 
lines between Africa and South America very 
striking. That, combined with paleontolo- 
gists’ recent discovery of evidence of a for- 
mer land bridge between Brazil and Africa, 
led Wegener to seek out data to corroborate 
his intuition. Most of his data came from fos- 
sil records, because few physicists were will- 
ing to accept such a drastic conclusion about 
continental mobility. 

Although the theory of sea-floor spread- 
ing and plate tectonics would be a long time 
in coming, Wegener is often invoked as the 
father of these theories. But there is no 
straight line between Wegener and the ad- 
vocates of sea-floor spreading in the 1960s. 
Indeed, Wegener was reviled in his own 
time. His ideas gained little sympathy 
among scientists, with some notable excep- 
tions, such as South African Alexander Du 
Toit (1878-1948) and the Briton Arthur 
Holmes (1890-1965). But for the most 
part, Wegener’s version of continental drift 
was rejected by contemporary scientists, es- 
pecially those in the United States. His ideas 
stood against the prevailing turn-of-the-cen- 
tury explanations of the earth’s upheavals, 
namely, that the earth steadily was con- 
tracting from its release of heat. Certainly 
geologists disagreed on the specifics. The 
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Austrian Eduard Suess (1831—1914), for ex- 
ample, had viewed mountains as wrinkles 
on the earth’s surface, and the oceans as col- 
lapsed portions of the crust. Long ago, he 
reasoned, there had been a vast continent 
(he called it Gondwanaland) of which both 
the present-day continents and oceans were 
once part. James Dwight Dana (1813— 
1895), by contrast, had seen continents and 
oceans as stable and permanently separate. 
But neither Suess nor Dana had a vision of 
the earth that allowed for mobile continents 
floating along the earth’s surface. We- 
gener’s ideas, none of which provided a 
convincing mechanism powerful enough to 
drive continents apart, persuaded few geo- 
physicists to abandon their beliefs in the 
earth’s fixity. 

Wegener admitted that geophysicists 
generally were arriving at conclusions in op- 
position to his own. But he also noted that 
this was a disparity between disciplines: Bi- 
ologists, tracing the evidence of fossils, 
readily acknowledged connections among 
continents in previous epochs. These could 
be explained through land bridges or, as 
Wegener believed, through continental 
drift. Only the physicists seemed to stand in 
the way. Eventually, Wegener would be 
vindicated during the revolution in earth 
science in the 1960s. But unfortunately, the 
father of continental drift would not see this 
happen. He died in 1930, returning from a 
rescue expedition in Greenland; at the time, 
he was still convinced of the truth of his 
idea, but he had not succeeded in persuad- 
ing the skeptics. 


See also Continental Drift; Earth Structure; 
Geology; Geophysics; Jeffreys, Harold 
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Women 

It is no secret that women have played 
smaller roles than men in the development of 
science. Why this should be true has been the 
subject of considerable debate. The most ob- 
vious reason, contested by almost no one, is 
that prejudice against women excluded many 
of them from participation in the scientific 
profession and discouraged their training in 
scientific disciplines. Even when they did 
participate, such prejudices made awards, 
honors, promotions, and other distinctions 
less likely, and preexisting gender stereo- 
types reinforced subordinate roles in labora- 
tories and in fieldwork. Some fields, such as 
oceanography, had almost no women at all 
and certainly none in positions of leadership, 
owing to cultural taboos against having 
women aboard ships, a distinctively mascu- 
line work space. Cultural prejudices against 
women, whether related to science or drawn 
from society at large, informed the attitudes 
of many leading scientists. Still, in the early 
twentieth century, some strides were made 
in including women in scientific fields, al- 
though historians tend to argue about the 
positive and negative consequences of such 
inclusion. 

In the United States, the numbers of no- 
table women in science grew steadily in the 
first half of the twentieth century. The refer- 
ence work American Men of Science included 
about 500 women in its first three editions 
between 1906 and 1921. That number al- 
most had quadrupled two decades later. The 
principal obstacle to women was access to 
education. With the proliferation of wom- 
en’s colleges toward the end of the nine- 
teenth century and the decision by some 
major universities—especially in the United 
States and Germany—to grant doctoral de- 
grees to women (by around 1910), such ac- 
cess was less difficult than it had ever been in 
the past. 

Despite access to higher education, in- 
volvement of women in science often was 
limited to “women’s work,” the relatively 


dull busywork that scientists delegated to 
others. Women could be hired to do such 
work for less money than their male coun- 
terparts. One example was the job of cata- 
loguing and classifying specimens, collected 
by men, deposited in natural history muse- 
ums. Also, institutions such as the Harvard 
College Observatory employed large pro- 
portions of women to catalogue and analyze 
photographic plates taken from telescopic 
observations. Some of the most important 
findings in astronomy were made by 
women in such positions, notably the work 
on Cepheid variables by Henrietta Swan 
Leavitt (1868—1921). But despite this im- 
portant role, the work itself was the kind of 
activity that leading male scientists simply 
did not wish to do. Genuine leading roles 
for women scientists were few, with home 
economics departments being an important 
exception. 

Women’s successes in finding work in 
science led to new divisions in the scientific 
community as fields became “gendered” ac- 
cording to the proportions of women in 
them. Those wanting to pursue research 
often took low-paying (or not paying at all) 
positions, or worked in laboratories under 
the title of “secretary.” When women were 
admitted to professional organizations, 
sometimes a more select category of mem- 
bership was created at the same time. Part 
of the reason for this abject sexism, histo- 
rian Margaret Rossiter has argued, was that 
male scientists feared that the inclusion of 
more women into their fields would erode 
the status of the field as a whole. Profes- 
sionalizing science meant limiting the de- 
gree to which it was feminized and thus pre- 
sumably softened by a lack of rigor. To give 
one example, at the turn of the century 
(1897), an article in Science asked whether 
the rising number of women in the field of 
botany made it a field that aspiring male sci- 
entists should avoid. 

Much of the debate about the role of 
women in science has centered up the excep- 
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Anatomist Florence Sabin was the first woman elected to the 


National Academy of Science, in 1925. (Corbis) 


tions. There were a few leading women of 
science who achieved positions of notoriety 
in the United States: Anatomist Florence 
Sabin (1871-1953) was the first woman 
elected to the National Academy of Science, 
in 1925, and psychologist Margaret Wash- 
burn (1871-1939) was elected in 1931. But 
the academy waited another thirteen years 
before electing another woman. Polish-born 
Marie Curie (1867-1934) was not merely 
one of the most well-known women but was 
also one of the most celebrated scientists of 
the early twentieth century. Curie won 
Nobel Prizes in Chemistry and Physics for 
her work (in France) on radioactivity, partic- 
ularly her discovery and isolation of radioac- 
tive elements such as polonium and radium. 
Curie was an international celebrity and 
might have served as an inspiration to women 
and a case lesson for men who believed 
women were less competent in the sciences. 
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Yet the magnitude of her accomplishments 
could have had the reverse effect, making her 
seem an incredible exception rather than an 
exemplar of the rule. 

Despite these examples, most notable 
women of science worked in relative obscu- 
rity for most of their lives. Astronomer Ce- 
cilia Payne-Graposhkin once noted how the 
Harvard College Observatory made her in- 
visible: Her salary was paid out of the equip- 
ment budget. Physicist Maria Mayer often 
worked without pay. Plant geneticist Barbara 
McClintock (1902—1992), who later won the 
Nobel Prize, struggled for years against prej- 
udice in an academic setting but found a 
niche as a researcher at the Cold Spring 
Harbor Rosalind Franklin 
(1920-1958) played a crucial yet largely for- 
gotten role in the work leading to the identi- 


Laboratory. 


fication of the double-helical structure of 
DNA. 

Some recent work in the history of science 
from a feminist point of view suggests that, 
beyond the exclusion of women from scien- 
tific practice and recognition, science itself 
was gendered, reflecting a masculine view- 
point of the world. Authors such as Sandra 
Harding stress this point, arguing the need 
for a feminist science that will be less a con- 
struction of male ambitions, motivations, and 
values. Evelyn Fox Keller’s biography of Bar- 
bara McClintock suggests that McClintock’s 
discoveries came from her particular femi- 
nine point of view—she had a “feeling” for 
the organism. Such authors argue that science 
itself will change as more women take part in 
it. These viewpoints take it for granted that 
knowledge is socially constructed, as is scien- 
tific method. However, others argue that this 
is simply another incarnation of essentialism; 
to argue that science will become more nur- 
turing and less concerned with rationality 
when the gender balance is addressed is sim- 
ply to encourage the stereotypes of women 
and men. This debate has been enhanced by 
more studies of important women in science 
in the early twentieth century. 


See also Astronomical Observatories; Curie, 
Marie; Leavitt, Henrietta Swan; McClintock, 
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Pickering’s Harem 
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World War | 

Although the Great War (1914-1918) was 
set into motion in the Balkans with the assas- 
sination of the heir to Austria’s throne, the 
conflict soon involved all the major powers 
of Europe and eventually drew in the United 
States. It was the first major industrialized 
war, and many of the recent discoveries and 
inventions in science and technology were 
put to use. The war saw the birth of what 
later were called weapons of mass destruc- 
tion, as both sides of the conflict put scien- 
tists to work making chemical weapons. Sci- 
entists themselves played an active role in 
that process, promoting their usefulness and 
developing innovative defense measures and 
destructive weapons. 

Scientists were no less patriotic than their 
countrymen, and often no less chauvinistic. 
Just as the British royal family changed its 
name from Saxe-Coburg to Windsor to avoid 
slander against it and to hide its German an- 
cestry, British scientists of German descent 
risked being isolated and denounced. The 
secretary of the Royal Society, for example, 
was German-born physicist Arthur Schuster 
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British soldiers after being blinded by mustard gas. World War I was known as the "chemist's war, " because chemists were 


deeply involved in developing new explosives, drugs, dyes, and, most memorably, poisonous gas. (Bettmann / Corbis) 


(1851—1934); not only did some criticize 
him, but the local police confiscated his wire- 
less apparatus in fear that he would use it to 
make contact with the Germans. When he 
was elected president of the British Associa- 
tion for the Advancement of Science in 1915, 
scientific colleagues and the public press 
were deeply critical and were outspokenly 
doubtful of his loyalty to England. Personal 
animosity against scientists who lived and 
worked in Germany was worse, and it in- 
creased when a group of them signed a man- 
ifesto—“An die Kulturwelt! Ein Aufruf’ 
(often called the Appeal of the Ninety-Three 
Intellectuals)—defending their country’s ac- 
tions and showing solidarity with what ap- 
peared to be German militarism. Many Al- 
lied scientists generalized the Germans 


unkindly and agreed with physicist William 
Ramsay (1852—1916), who concluded that 
German science had done little but inundate 
the scientific world with mediocrity. Ramsay 
attributed this to racial qualities (indeed, he 
believed that most of the genuine productiv- 
ity of German science was a result of efforts 
by Jews), whereas others believed that the 
culture of militarism was responsible. Ger- 
man scientists did the same, claiming as 
physicist Philipp Lenard (1862—1947) did 
that the souls of Isaac Newton (1642—1727) 
and Michael Faraday (1791—1867) had left 
England’s shores and had gone to other coun- 
tries; the seeming importance of British dis- 
coveries in recent years, he said, were be- 
cause of the British insisting on taking more 
credit than they deserved. 
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Scientists became deeply involved in war 
work. They contributed to research on sub- 
marines, aircraft and airship design, wireless 
communication, artillery weapon construc- 
tion, medicine, and even geology (for trench 
warfare). Beyond these, however, the war 
was known as the chemist’s war, because 
chemists were deeply involved in developing 
new explosives, drugs, dyes, and, most 
memorably, poisonous gas. Chemistry was 
particularly advanced in Germany, where the 
demands of the dye industry had produced 
organic chemists in abundance. Trade with 
Germany ceased during the war, of course, 
and Britain found itself having to invest heav- 
ily in chemical research in order to match 
German progress. Although the first use of 
chemical weapons in 1915 was made possible 
by the efforts of Germans Fritz Haber 
(1868—1934) and Walther Nernst (1864— 
1941), both sides of the conflict developed 
them and used them during the course of the 
war. Some chemical weapons caused death; 
others simply harassed soldiers through tem- 
porary asphyxiation or even blindness, mak- 
ing them incapable of defending themselves. 
The early weapons were clouds of chlorine 
gas intended to drive soldiers from the 
trenches; in 1917 the Germans integrated ar- 
senic gas and mustard gas into explosives. 

The war transformed scientific work in 
the United States, particularly through ef- 
forts to create stronger ties between the gov- 
ernment and the scientific elite. After the 
sinking of the passenger liner Lusitania in 
1915, the government had asked leading in- 
ventor Thomas Edison (1847—1931) to form 
a committee to help combat the threat of 
submarines. But the nation’s leading scien- 
tists in the National Academy of Sciences 
were not asked to help. Largely because of 
the efforts of astronomer George Ellery Hale 
(1868—1938), U.S. scientists struggled to 
promote their usefulness to the government 
during the first years of the war. Hale saw the 
war as an exemplary case of society’s misun- 
derstandings of the nature of science and its 
role in society—scientists could be very use- 


ful, and there ought to be a body whose pur- 
pose was to harness that potential. In an ef- 
fort to organize scientific action for the good 
of the country, Hale in 1918 was instrumen- 
tal in forming the National Research Council 
as part of Academy of Sciences. Although 
some U.S. scientists saw it as an effort to 
control scientific activity from Washington, 
this was the first major effort to coordinate 
scientists during a time of national crisis, and 
the council continued to perform that func- 
tion after the war. 

The widespread involvement of scientists 
in the course of the war led some to question 
the proper role of science in society. Just as 
the war itself provoked hard questions about 
the progress of civilization, scientists’ role 
cast doubt on whether one could count on 
science as a positive agent of change in 
human life. The salient images of the war 
were closely tied to science and technol- 
ogy—the use of airplanes, the first gas at- 
tacks, and the extended tunnel and trench 
networks. Allied scientists tended to put the 
onus of responsibility on the Germans, and 
in subsequent years “punished” them by dis- 
allowing their inclusion in bodies such as the 
International Research Council. One legacy 
of the war for science was the closer rela- 
tionship between scientists and govern- 
ments; the war also demonstrated the adhe- 
sion of scientists to the political currents of 
their own countries. 


See also Chemical Warfare; Haber, Fritz; 
International Research Council; National 
Academy of Sciences; Nationalism; 
Patronage; Royal Society of London 
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World War II 


World War II changed the practice of science 
dramatically, and work of scientists during 
the conflict brought about fundamental tech- 
nological changes that shaped the postwar 
world. As in the case of World War I, scien- 
tists aided their countries in the cause of war 
and often mobilized their work efficiently to 
create new organizations. Most of the major 
combatants devoted some attention to re- 
search and development, whether for short- 
term or long-term goals. The countries that 
devoted the most resources to research and 
development during the war were the United 
States, Great Britain, and Germany. The 
most celebrated development of the war, the 
atomic bomb, was pursued by five of the 
major combatants. Although Japan did not 
succeed in developing noteworthy new 
weapon systems, it did invest in fission re- 
search during the war. The Soviet Union also 
was interested in building an atomic bomb, 
but the government did not devote much at- 
tention to it until after the victory at Stalin- 
grad in early 1943, when it became more re- 
alistic to invest in long-term projects. The 
Soviet Union did, however, have a successful 
espionage network in the United States that 
included high-ranking members of the U.S. 
atomic bomb project, including Klaus Fuchs 
(1911-1988). 

The most significant research projects to 
have an impact on the war were penicillin, 
radar, and the atomic bomb. Penicillin was 
an antibiotic, shown to be extraordinarily 
successful at killing bacteria. Many of the am- 
putations and deaths, in war or in peace, 
were not a result of wounds per se, but of the 
infections that developed in them from the 
growth of harmful bacteria. Although peni- 
cillin had been discovered before the war by 
British scientist Alexander Fleming (1881— 
1955), U.S. industry developed techniques 
to mass-produce it and provide it to medical 
teams and hospitals, saving thousands of sol- 
diers’ lives and limbs from the deleterious ef- 
fects of these infections. Most of the work 
was initially accomplished by British scien- 
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tists, but after 1941 corporations such as 
Pfizer and Merck worked with the U.S. gov- 
ernment to bring the life-saving drug into 
large-scale production. 

Radar was the name given to detection by 
radio waves. The use of radio waves for com- 
munication already existed, and scientists 
everywhere understood that measuring such 
waves could also be useful in detecting inter- 
fering objects. For example, stations record- 
ing radio waves might detect an airplane from 
the characteristics of the returning radio sig- 
nal. The task was to develop equipment of suf- 
ficient sensitivity and radio waves of suffi- 
ciently small wavelengths, or microwaves. 
Because the technology was well understood 
(but not yet developed), radar was sought by 
several countries during the war—Britain, the 
United States, Germany, the Soviet Union, 
France, the Netherlands, Italy, and Japan. It 
was a technology that many believed was sim- 
ply a matter of “who” and “when” rather than 
“if” Although the essentials were well known, 
each country pursued its efforts to develop 
radar behind closed doors. The important ex- 
ception was the decision to combine the 
British and American projects. A result of 
British physicist Henry Tizard’s (1885—1959) 
visit to the United States in 1940 (also called 
the Tizard mission), the synthesis of the two 
was very productive. In fact, it was the begin- 
ning of a fruitful scientific and military collab- 
oration among the United States, Great 
Britain, and Canada. Radar proved the most 
decisive of all scientific projects; for example, 
it provided Britain with a strategic advantage 
during Adolf Hitler’s (1889-1945) effort to 
establish air superiority over the British Isles 
during the a preliminary phase of his invasion 
plan. Thanks to radar detection, the German 
Luftwaffe never dominated the skies during 
the 1940 “Battle of Britain,” and the invasion 
plan was abandoned. Aside from radar, radio 
waves also enabled the construction of an im- 
portant new weapons technology, the prox- 
imity fuse. Explosive shells now could be det- 
onated when they were close to a target, 
rather than waiting for an actual impact. 
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Radar in operation in World War II. (Library of Congress) 


Organizing science for war proved just as 
important as scientific ideas. In the United 
States, President Franklin Roosevelt (1882— 
1945) authorized the creation of the National 
Defense Research Committee (NDRC) in 
1940, and specifically charged it to organize 
NDRC’s chairman was 
Carnegie Institution of Washington president 
Vannevar Bush (1890—1974), who played a 
leading role in formulating science policies in 
the United States during and after the war. 
Even before the bombing of Pearl Harbor, 


science for war. 


NDRC had given serious attention to two 
major projects: microwave radar and the 
atomic bomb. The former seemed much 
more promising for many reasons, not the 
least of which was greater familiarity with 
electronic equipment than with radioactive 


materials. The main problem was the lack of 
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an adequate generator of waves at sufficiently 


small (hence the “micro”) wavelengths. This 
problem was greatly reduced after the Tizard 
mission, when it became clear that the British 
already had developed a device, the resonant 
cavity magnetron, to generate wavelengths in 
the centimeter range. This kind of radar was 
known as centimetric radar. 

Although NDRC was supportive of radar 
research, initially it took a more cautious 
view of the atomic bomb. Although fission 
had been discovered before the war, the pos- 
sibility of building a weapon based on split- 
ting the atomic nucleus depended on estab- 
lishing a chain reaction. Such a reaction 
would require creating an environment in 
which a single fission reaction would incite 
another fission reaction, and so on, until 
more energy was being released than was re- 


quired to start it. This was still only a theo- 
retical possibility, and NDRC initially was 
slow to commit to it. But the enthusiasm of a 
few leading U.S. physicists, such as cyclotron 
inventor Ernest Lawrence (1901—1958), and 
the pressure exerted by British atomic scien- 
tists eventually prevailed. But NDRC de- 
cided to turn over the responsibility of man- 
aging the program to the Army Corps of 
Engineers. Thus the bomb project in the 
United States, codenamed the Manhattan 
District (or the Manhattan Project) fell under 
the jurisdiction of General Leslie Groves 
(1896—1970). In 1942, a scientific team led 
by Enrico Fermi (1901—1954) achieved the 
first controlled fission chain reaction, in 
Chicago. Some of the world’s leading physi- 
cists were assembled in Los Alamos, New 
Mexico, to design and assemble atomic 
bombs. Two bombs were dropped, one each 
on the Japanese cities of Hiroshima and Na- 
gasaki on 6 and 9 August 1945. Although this 
probably hastened the end of the war, unlike 
radar it cannot be considered a decisive “war- 
winning” weapon, because Japan already was 
near defeat and the United States was plan- 
ning to invade its home islands. 

In the final stages of the war, both the 
United States and the Soviet Union sent ex- 
perts into Germany with their armies in 
order to capture German scientists. One 
U.S. mission, called Alsos, traveled in France 
and Germany in 1944 and 1945 to discover 
the details of the German atomic bomb proj- 
ect. The German team, led by Werner 
Heisenberg (1901—1976), did not advance as 
far as the American one had; in fact, it never 
achieved a chain reaction, a feat accom- 
plished in the United States in 1943. But 
other projects, notably the German rocket 
program at Peenemunde, were of great in- 
terest to the United States. The German gov- 
ernment sponsored research during the war 
on long-range rockets (V-2 rockets) capable 
of delivering bombs to targets in other coun- 
tries without the need of airplanes. Their 
shorter-term goal was developing the 
Wasserfall (“waterfall”), an anti-aircraft mis- 
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sile system. Some of the designs of German 
rockets, such as the V-2, and several of the 
scientists themselves, such as Wernher Von 
Braun (1912—1977), were transported to the 
United States and became important figures 
in the U.S. rocket and space programs. 

World War II increased the interest of the 
military in funding scientific research, not 
only for the atomic bomb and radar, but also 
for other fields. Undersea warfare was a cru- 
cial field of research for oceanographers and 
physicists, and the transmission of sound in 
sea water appeared to be one of the most 
pressing scientific subjects during and after 
the war, as the need to counter the strategic 
importance of submarines became para- 
mount. Oceanographers and meteorologists 
also were very active in the United States and 
Britain in developing swell forecasting. This 
increased the likelihood of making successful 
amphibious landings, the first phase of coastal 
or island invasion. The need for such fore- 
casting became clear during a disastrous as- 
sault of the atoll of Tarawa in 1943, where 
thousands of U.S. Marines were killed or 
wounded, largely owing to insufficient 
knowledge of tides. When planning the inva- 
sion of the coast of France, in 1944, Allied 
leaders used the predictions of swell forecast- 
ing system developed in the British Isles. 
Knowledge of accurate meteorological con- 
ditions, essential not only for landings, but 
also for making bombing runs, proved crucial 
in the war as well. 

Science administrators like Vannevar Bush 
perceived a need to organize not only scien- 
tific research, but also its development. In 
1941, he orchestrated the creation of the Of- 
fice of Scientific Research and Development 
(OSRD) for that very purpose; the new body 
could request funds from Congress, rather 
than take its money from the president’s 
emergency funds. The OSRD widened the 
scope of research and number of projects 
considerably, and it allowed civilian scien- 
tists to work on military projects without in- 
terference from the military. When the war 
ended, Bush attempted to continue this 
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practice, advocating for a national science 
foundation. Instead, patronage for science 
continued in bodies such as the Office of 
Naval Research (created in 1946), and the 
propriety of basing so much science on mili- 
tary funding provoked lively debate in ensu- 
ing years. 


See also Artificial Elements; Atomic Bomb; Brain 
Drain; Computers; Espionage; Great 
Depression; Hiroshima and Nagasaki; 
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Wright, Sewall 
(b. Melrose, Massachusetts, 1889; d. 
Madison, Wisconsin, 1988) 

The U.S. biologist Sewall Wright was one 
of three individuals—the others were British 
scientists Ronald A. Fisher (1890—1962) and 
J. B. S. Haldane (1892—1964)—usually cred- 
ited with facilitating the synthesis of 
Mendelian genetics and Darwinian natural 
selection by the 1930s, through new tech- 
niques of population genetics. Population ge- 
netics addressed the distribution of genes 


within large populations of organisms and be- 
came a useful tool for understanding genetic 
variability and inheritance. Wright studied at 
Harvard University under William Ernest 
Castle, whose research on hooded rats ap- 
peared to demonstrate that natural selection 
interfered with classical Mendelian laws. 
Wright’s own 1915 doctoral thesis examined 
the color variability of guinea pigs. He took a 
research position at the Department of Agri- 
culture, pursuing subjects connected to do- 
mestic animal breeding. While there, he met 
British scientist Ronald Fisher, whose studies 
of inheritance in whole populations inspired 
Wright to change his own plans and orient his 
work toward populations. 

After taking a position in the zoology de- 
partment of the University of Chicago in 
1925, Wright slowly developed his own 
ideas of evolution in populations. He became 
widely known for his concept of “genetic 
drift.” Genetic drift described the fluctuation 
in the frequency of genes that occur in iso- 
lated populations, owing to variation be- 
tween generations. Because of the wide vari- 
ety of genes, a sample of a population will 
not necessarily have the same frequency of 
the genes as the entire population might. 
Wright argued that highly inbred popula- 
tions would not maintain identical genes. 
Because of random mutations, even popula- 
tions not subject to natural selection would 
change over time. In fact, mutations in these 
populations were the most susceptible to 
natural selection. Because of genetic drift, he 
argued that evolution through natural selec- 
tion would likely be very successful when 
large populations were broken up into iso- 
lated, highly inbred groups within a species 
that could adapt to their own, more special- 
ized environments. Natural selection, 
Wright concluded, should act differently in 
different local populations within the 
species. By emphasizing isolated subpopula- 
tions, Wright sidestepped the critiques of 
natural selection that pointed out the statis- 
tical difficulties of expecting an entire 
species to evolve in a single direction. 


Wright’s objections to the idea of mass 
natural selection brought him into conflict 
with Fisher, who took the opposite view. For 
Fisher, mass selection was the principal vehi- 
cle for evolutionary change. He did not be- 
lieve that genetic drift played as important a 
role as that ascribed to it by Wright. The 
clash between Wright and Fisher helped to 
define research on population genetics in the 
1930s. After retiring from the University of 
Chicago in 1954, Wright took a position at 
the University of Wisconsin. He continued to 
work and publish, including his four-volume 
Evolution and the Genetics of Populations; three 
of the volumes were published while Wright 


was an octogenarian. He continued an active 
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life as a scientist until his death at the age of 
ninety-nine. 


See also Biometry; Evolution; Genetics; Mutation 
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X-rays 
X-rays, discovered at the end of the nine- 
teenth century by German physicist Wilhelm 
Röntgen (1845—1923), revolutionized both 
physics and the medical community. The 
nineteenth century was filled with new dis- 
coveries and insights about the nature of elec- 
tricity; by the 1890s, many leading physicists 
had experimented with electricity in vacuum 
tubes. In these tubes, cathodes were used to 
produce electricity in the form of a beam, or 
ray. While studying cathode rays at the Uni- 
versity of Würzburg, Röntgen by chance 
found an even more penetrating radiation 
originating in a metal screen struck by a cath- 
ode ray. The new kind of ray emanated from 
a glowing spot on the screen, and it appeared 
to affect photographic plates. Soon Röntgen 
published the first X-ray photographs of 
human hands, showing shadows of skeletons 
(and often wedding rings) without skin. Be- 
cause the metal phosphoresced at the point of 
origin, many assumed that X-rays emanated 
from all glowing bodies (in fact, this hypoth- 
esis led to the experiments that first revealed 
the presence of radioactivity in uranium the 
following year). 

The vague term ray already was in use to 
describe poorly understood phenomena con- 
nected to the conduction of electricity in 


cathode ray tubes. The X-ray was given the 
name X for that very reason: Its true nature 
was unknown. This lack of clarity was com- 
pounded by the fact that French physicist 
Henri Becquerel (1852—1908) discovered ra- 
dioactivity in 1896, and the disintegrations 
from unstable elements were also dubbed 
rays. In fact, there was a plethora of rays 
studied and allegedly discovered around the 
turn of the century, and scientists seemed to 
see them everywhere, even when they did 
not exist, as in the case of N-rays. 

The discovery of X-rays was heralded by 
news media all over the world, and they soon 
became the focus of research for physicists. 
Only after the detonation of the atomic bomb 
in 1945 would a scientific event receive 
wider press coverage than X-rays. The 
thought of photographs produced by rays 
going through seemingly impenetrable mate- 
rials captured the public imagination. Some 
profited from the limited understanding, 
selling lead-lined undergarments that suppos- 
edly would prevent prying eyes from seeing 
through clothing. Because many physicists al- 
ready had been experimenting with cathode 
ray tubes, they were already equipped to 
produce the new rays, and soon X-rays be- 
came the most-studied phenomenon in sci- 


ence. More than a thousand articles and 
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One of the first X-ray photographs made by Wilhelm 
Rontgen in 1898. (Bettmann/ Corbis) 


books were published on X-rays in 1896 
alone. Röntgen became the first recipient of 
the Nobel Prize in Physics, awarded in 1901. 

The nature of X-rays proved controver- 
sial. Many felt that they were akin to light, a 
kind of electromagnetic radiation with ex- 
tremely short wavelengths. British physicist 
Charles Barkla demonstrated in 1905 that X- 
rays showed signs of polarization, which 
strengthened the view that the rays were a 
kind of radiation. But some, such as British 
physicist William Henry Bragg (1862—1942), 
continued to believe that they were particles 
of some kind; the matter would not be re- 
solved until the coming of quantum mechan- 
ics in the 1920s, which recognized the wave 
and particle duality of matter. But even prior 
to that, German physicist Max Von Laue 


(1879—1960) discovered in 1912 that X-rays 
were diffracted by crystals, which indicated 
that they behaved like waves; after that, most 
(including Bragg) accepted that X-rays were 
a kind of electromagnetic radiation. Bragg 
and his son, William Lawrence Bragg 
(1890—1971), soon extended this work, 
using X-rays to analyze different kinds of 
metals. Thus began the field of science 
known as X-ray crystallography. 

The medical applications of X-rays as a di- 
agnostic tool appeared obvious from the mo- 
ment Röntgen published his early photo- 
graphs. They could be used to look for 
problems within the human body, such as 
bone fractures, and to aid in the surgical re- 
moval of foreign objects. This proved partic- 
ularly useful during World War I, when X- 
rays were used on a large scale to help 
surgeons removed bomb fragments and bul- 
lets from the bodies of wounded soldiers. 
The dangers of X-rays to the human body 
were not understood for many years, al- 
though leading scientists suspected the dan- 
gers were greater than realized. For exam- 
ple, French physical chemist Marie Curie 
(1867—1934) was instrumental in setting up 
and maintaining X-ray services during the 
war; when her health deteriorated later in 
life, she believed that it was because of over- 
exposure to these harmful rays. 


See also Bragg, William Henry; Cancer; 
Compton, Arthur Holly; Curie, Marie; Light; 
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Yukawa, Hideki 
(b. Tokyo, Japan, 1907; d. Kyoto, Japan, 
1981) 

As a young student, Hideki Yukawa’s in- 
terests lay in literature, not physics. But he 
excelled in mathematics, and as a teen he be- 
came attracted to geometry, which led him 
ultimately to theoretical physics. In the 
1930s, Yukawa held positions at Kyoto Uni- 
versity and Osaka University, not gaining his 
doctorate until 1938, three years after his 
most important contribution, namely, the 
prediction of the meson. His theories of 
forces in the nucleus would dominate his 
professional interests for most of his career. 
Yukawa’s extraordinary creativity in the 
1930s testifies against the notion that science 
in Japan was inhibited by its authoritarian 
rigidity and its strict hierarchical structure 
during this period. Or perhaps Yukawa’s ex- 
perience is the exception to the rule. 

When James Chadwick (1891—1974) dis- 
covered the neutron in 1932, fundamental 
particles again took center stage in physics. 
Before the 1930s, physics accepted only two 
particles: the electron and the proton. 
Some, like Chadwick’s mentor Ernest 
Rutherford (1871—1937) and Chadwick 
himself (for a time), thought that the neu- 
tron was in fact a composite of these two, 


canceling each other’s charge. But soon the 
nucleus of the atom was teeming with parti- 
cles, including not only neutrons but neutri- 
nos, predicted in 1929 by Wolfgang Pauli 
(1900-1958), and the antiparticles pre- 
dicted in 1931 by Paul Dirac (1902—1984): 
positrons and antiprotons. 

Yukawa was far from the centers of activ- 
ity in Europe and the United States. But a 
small community of physicists had developed 
in Japan, strongly influenced by the Copen- 
hagen interpretation of quantum mechanics. 
Yoshio Nishina (1890—1951) returned to 
Japan from Niels Bohr’s (1885—1962) labora- 
tory in 1929, and Yukawa benefited from his 
colleague’s experience there. His own theo- 
ries were inspired by European physi- 
cists such as Bohr, Werner Heisenberg 
(1901—1976), and Enrico Fermi (1901— 
1954). He knew that nuclear forces had not 
yet been explained adequately and a new the- 
oretical way of keeping the proton and the 
neutron inside the nucleus was necessary. His 
expertise in mathematics would provide the 
means to make major strides along these 
lines. He gave a ten-minute presentation to 
the Physico-Mathematical Society in Tokyo 
in 1934, in which he postulated a new kind of 
entity, whose existence would help to fix the 
mathematical problem brought about by the 
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Professor Hideki Yukawa, noted Japanese physicist and 
winner of the 1949 Nobel Prize, in his office at Columbia 
University. (Bettmann/ Corbis) 


exchange forces in atomic nuclei. Inventing 
this new particle, Yukawa determined, 
would help theoretical calculations match the 
accepted size of the atomic nucleus. Did the 
particle really exist? Yukawa could not be 
sure; it was simply a theoretical prediction. 
He did note that his “heavy quanta,” if they 
existed at all, would be most readily observ- 
able in high-energy interactions like cosmic 
radiation. This theory was published in the 
1935 volume of the Proceedings of the Physico- 
Mathematical Society of Japan, not a publication 
widely read in the West. 

Hardly anyone paid attention to Yukawa’s 
prediction. The discovery of a strange anom- 
alous particle by Californians Carl Anderson 
(1905-1991) and Seth Neddermeyer 
(1907-1988) in 1937 was not prompted 
by Yukawa’s theoretical predictions. But 
Yukawa had been right about one thing: 
Anderson and Neddermeyer’s work was on 


cosmic radiation. Yukawa took notice of 
their findings and sent a note to the journal 
Nature, pointing out his 1935 prediction. 
Nature denied publication of Yukawa’s 
theory, claiming that it was too speculative. 
Yukawa’s theory came to light in the West 
only when scientists referred to it in order to 
reject it. But, as historian Helge Kragh has 
noted, a negative response is sometimes 
preferable to no response at all. In this case, 
Yukawa’s prediction soon became widely 
known, and eventually it became identified 
with Anderson and Neddermeyer’s finding. 
In fact, some proposed that the particle be 
dubbed the yukon in honor of Yukawa; 
eventually it was called the meson, a short- 
ened version of mesotron. The name comes 
from the Greek root meso meaning “middle” 
or “intermediary.” This reflected the 
meson’s role as the middle particle, larger 
than an electron but smaller in mass than a 
proton. 

Yukawa’s prediction and the Anderson- 
Neddermeyer discovery were not, as it 
turned out, the same thing. The latter is now 
called the muon, whereas Yukawa actually 
had predicted what is now called the charged 
pion. But this is 
Yukawa’s accomplishment, because he had 
set the pace for studying nuclear particles for 
the next decade. Much of this period, of 
course, was interrupted by World War II. 


no detraction from 


Yukawa, being Japanese, was again isolated 
from many of his colleagues, although much 
of the important theoretical work in this pe- 
riod was conducted by Japanese physicists 
such as Sin-Itiro Tomonaga (1906—1979) 
and Toshima Araki (1897-1978), and also 
by other Axis scientists, notably a group of 
experimental physicists in Italy. During this 
time, Yukawa was honored in his own coun- 
try with the Impe-rial Prize of the Japan 
Academy in 1940 and the Decoration of Cul- 
tural Merit in 1943. 

Yukawa played an important role in the 
reestablishment of cooperative relations be- 
tween former enemies after World War II. 


Scientists hoped to avoid the long-standing 
animosities between scientific communities 
that had occurred after World War I, and 
Yukawa became a symbol not only of world- 
class science in Japan but also of the spirit of 
reconciliation. After the war, most physicists 
felt that Yukawa’s theory was the best effort 
to describe the forces that held the protons 
and neutrons together within the nucleus. In 
1948, he came to the United States, first at 
Princeton’s Institute for Advanced Study, 
then to Columbia University as a visiting 
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professor. He received the Nobel Prize in 
Physics in 1949, the first Japanese ever to 
receive one. 


See also Atomic Structure; Chadwick, James; 
Cosmic Rays; Physics 
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1895 


1896 


1897 


1898 


1899 


Chronology 


Wilhelm Rontgen discovers 1900 
X-rays. 


Guglielmo Marconi develops 
wireless telegraphy. 


Henri Becquerel discovers 
radioactivity in Paris. 


J. J. Thomson discovers the 
electron and develops the “plum 
pudding” model of the atom. 


Henry C. Cowles conducts 
experiments in Indian Dunes that 
lead to his concept of plant 
succession. 
1901 
Emil Wiechert proposes that the 


earth has an iron core. 


Pierre and Marie Curie announce 
the discovery of new elements 
polonium and radium from the 
radioactive ore pitchblende. 


David Hilbert’s Foundations of 
Geometry asserts the need to make 
postulates free of internal 
inconsistencies. 
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Hugo DeVries and others revive 
Gregor Mendel’s 1866 work on 
heredity. 


Sigmund Freud publishes The 
Interpretation of Dreams, which 
becomes a seminal work in the 


new field of psychoanalysis. 


Max Planck introduces notion of 
quantized energy and founds 
quantum physics. 


Journal Science becomes official 
arm of the American Association 
for the Advancement of Science. 


Karl Pearson founds the journal 
Biometrika, a venue for using 
statistical methods to discuss 
inheritance, evolutionary change, 
and eugenics. 


England and Wales adopt 
fingerprinting techniques for 
crime detection. 


Curt Herbst proposes that 
embryonic growth occurs through 
the process of induction. 
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1901 
(cont.) 


1902 


Chronology 


Robert Koch’s public health 1903 
recommendations help to limit 

the damage from typhoid fever 

outbreak in Germany. 


Guglielmo Marconi makes first 
transatlantic communication using 
wireless technology. 


Hugo de Vries proposes 1904 
“mutation” as the means of 

creating new characteristics in 

organisms. 


The United States creates the 1905 
National Bureau of Standards. 


First Nobel Prizes awarded. 


Emil Fischer determines that 
amino acids are the units that 
make up protein. 


William Bateson publishes 
Mendel’s Principles of Heredity. 


Clarence McClung suggests 
that certain pairs of 
chromosomes are responsible 
for determining sex. 


Ernest Starling coins the word 
hormone to describe the body’s 
chemical messengers. 


George Ellery Hale receives 
$150,000 to found Mount Wilson 
Observatory in southern 
California. 


International Council (later 
International Council for the 
Exploration of the Sea) is formed. 


The Carnegie Institution of 1906 
Washington is founded and 

becomes a major patron for 

science. 


Wilhelm Johanssen proposes his 
“ . 3 . . 
pure lines” theory of variation 
and inheritance. 


Ivan Pavlov develops theory of 
signalization, connecting sensory 
input and motor output in 
organisms. 


Jacobus Kapteyn discovers the 
existence of two distinct “star 
streams,” challenging the notion 
that stars move about randomly. 


Thomas Crowder Chamberlin and 
Forest Moulton propose the 
“planetesimal hypothesis” of the 
earth’s (and other planets’) 


formation. 


William Bateson coins the term 
genetics to describe the study of 
heredity based on Mendel’s 
laws. 


Albert Einstein publishes major 
theoretical papers on the 
photoelectric effect, Brownian 
motion, and his special theory of 
relativity. 


John Ambrose Fleming develops 
an “oscillation valve,” the first 
device that allows electric current 
to be converted to a signal. 


Alfred Binet publishes his method 
of scoring human intelligence, 
later called the Intelligence 
Quotient Test (IQ test). 


Percival Lowell begins searching 
for Planet X, beyond Neptune. 


Karl Schwarzchild proposes his 
theory of stellar evolution, based 
on new findings in quantum 


physics. 


1907 


1908 


1909 


Marie Curie becomes the first 
woman to teach at the Sorbonne 
in Paris. 


Percival Lowell presents the case 
for life on Mars in his Mars and Its 
Canals. 


Thomas Hunt Morgan begins 
experiments in the “fly room” at 
Columbia University, using fruit 
flies to study the transmission of 
traits from one generation to the 
next. 


Ernst Haeckel founds the Monist 
Alliance. 


United States passes Pure Food 
and Drug Act to protect 
consumers. 1910 


Pierre Duhem emphasizes the 
evolutionary character of scientific 
change in La Theorie Physique. 


Bertram Boltwood attempts to 
revise age of the earth through 
radioactive dating. 
1911 
Eugenics Education Society is 
formed in Britain. 


Britain’s Imperial College of 
Science and Technology is 
founded. 


Pope Pius X condemns 
“modernism” along with the 
theory of evolution. 


Sixty-inch-lens telescope is 
completed at Mount Wilson 
Observatory. 


Paul Ehrlich develops Salvarsan, a 
compound useful in treating 


syphilis . 
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Wilhelm Johannsen first uses the 
word gene to describe that which 
carries hereditary information. 


Eugene Antoniadi at Paris’s 
Meudon Observatory shows that 
the “canals” of Mars are an 
illusion. 


Andrija Mohorovičić uses seismic 
data to discern discontinuity 
between earth’s crust and mantle. 


American Robert Peary makes his 
expedition to the North Pole. 


Psychoanalysis gains popularity in 
United States following lecture 
tour by Freud, Jung, and Adler. 


First published volume of 
Bertrand Russell and Alfred 
North Whitehead’s Principia 
Mathematica makes its appearance. 


Robert Millikan uses oil-drop 
method to measure charge of an 
electron. 


Thomas Hunt Morgan’s fruit flies 
reveal the chromosome theory of 
inheritance. 


Hertzsprung-Russell diagram of 
stellar evolution is published. 


Ernest Rutherford proposes 
“planetary” model of atom. 


C. T. R. Wilson develops the 
Cloud Chamber, a device used to 
see the vapor trails of charged 
particles. 


Marie Curie becomes the first 
person to receive two Nobel 
Prizes (1903 in Physics, 1911 in 
Chemistry). 
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1911 
(cont.) 


1912 


Chronology 


Kaiser Wilhelm Society is 

founded, along with its first two 

institutes (Chemistry and Physical 
Chemistry). 1913 


Norwegian Roald Amundsen’s 
expedition reaches the South 
Pole. 


Frederick Soddy publishes his 
identification of all radioelements 
in their proper order of decay. 


First Solvay Conference on 
Physics is convened. 


All the members of British 
explorer Robert Scott’s 
expedition are killed on return 
trip across Antarctica from South 
Pole. 
1914 
Max von Laue demonstrates that 
X-rays are diffracted by crystals. 


Victor Hess flies in a balloon and 
discovers cosmic rays, a term later 


coined by Robert Millikan. 


Henrietta Swan Leavitt notes that 
the relationships between period 
and luminosity in Cepheid 
variables can be a useful tool for 
calculating the distances of stars. 


Henry Herbert Goddard publishes 
The Kallikak Family, arguing that 
degenerate minds are permanent 
from one generation to the next. 


Piltdown Man is “discovered” in 
Sussex, England. 


Henry Bryant Bigelow initiates 
long-term intensive 
oceanographic study of Gulf of 


Maine. 


Britain’s Medical Research 
Committee is formed. 


Niels Bohr applies quantum theory 
to Rutherford’s model of the atom. 


William Henry Bragg and William 
Lawrence Bragg conduct 
pioneering work in X-ray 
crystallography, using spectra of 
reflected X-rays to analyze the 
structure of crystals. 


American Society for the Control 
of Cancer is founded. 


John B. Watson makes a case for 
behaviorist psychology, breaking 
from structuralism and 
functionalism. 


World War I begins in Europe. 


H. G. Wells writes The World Set 
Free, speculating about future 
“atomic bombs.” 


Margaret Sanger popularizes the 
phrase birth contro! and promotes 
the use of contraception by 
women. 


Magnus Hirschfeld interprets 
homosexuality as an effect of 
hormones in Homosexuality in Man 
and Woman. 


Beno Gutenberg calculates the 
depth of the earth’s core based on 
the propagation of seismic waves. 


Frtiz Haber begins Germany’s 
efforts to develop chemical 
weapons. 


Carl Jung abandons psychoanalysis 
and founds analytical psychology. 


1915 


1916 


1917 


1918 


“To the Civilized World!” is 1919 
signed by ninety-three German 
intellectuals, including Max 

Planck. 


Recruiting for World War I 
reveals widespread problems in 
basic nutrition in young men. 


First use of chemical weapons in 
war, during World War I, by the 
Germans at Ieper, Belgium. 


Alfred Wegener publishes his 
theory of Continental Drift in 
Origins of Continents and Oceans. 


Einstein completes his general 
theory of relativity. 


Ernest Everett Just receives 1920 
Spingarn Award from the 

National Association for the 

Advancement of Colored People. 


The Stanford-Binet IQ Test 
establishes score of 100 as average 
at each age level. 


National Research Council is 
formed under the auspices of the 
National Academy of Sciences. 


Bolshevik Revolution in Russia. 
United States enters World War I. 1921 


Vilhelm Bjerknes returns to 
Norway and begins the “Bergen 
school” of meteorology. 


Spanish influenza starts in United 
States and spreads across globe, 
killing more than 20 million. 


First published volume of the 1922 
Henry Draper Catalogue makes its 
appearance. 
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Ernest Rutherford assumes the 
directorship of Cambridge 
University’s Cavendish 
Laboratory. 


Arthur Eddington mounts 
expedition to island of Principe to 
witness solar eclipse, recording 
evidence to affirm Einstein’ s 
general theory of relativity. 


Joseph Larmor suggests that the 
earth’s magnetism results from 
convection currents and a dynamo 
effect. 


International Research Council is 
founded, barring German 
membership. 


“Great Debate” between Harlow 
Shapley and Heber D. Curtis 

about the size and uniqueness of 
the Milky Way takes place at the 


National Academy of Sciences. 


Pacific Science Association is 
founded to coordinate research 
among nationszz bordering the 
Pacific Ocean. 


Anti-Semitic campaign against 
Albert Einstein and his theories 
begins in Germany. 


Frederick Banting and J. J. R. 
Macleod successfully extract an 
antidiabetic hormone from a 
dog’s pancreas, later marketed as 
insulin. 


Excavation of Zhoukoudian site 
begins, unearthing remains of 
Peking Man throughout 1920s. 


J. B. S. Haldane formulates a law 
of gene linkage, subsequently 
known as Haldane’s Law. 
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1922 
(cont.) 


1923 


1924 


1925 


Chronology 


Britain creates Department of 
Scientific and Industrial Research. 


Arthur Compton discovers the 
“Compton effect,” describing the 
transfer of energy between a 
photon and an electron upon 
collision. 


Sigmund Freud develops his ideas 1926 
about repression and the 
unconscious mind in The Ego and 


the Id. 


Harold Jeffreys publishes the first 
edition of his influential textbook, 
The Earth. 


Hans Spemann develops the 
“organizer” theory, noting that 
some tissue cells exert an 
organizing influence on the 
development of other cells. 


Edwin Hubble calculates the vast 
distance to the Andromeda 
galaxy, settling the “island 


universes” controversy. 


Max Wertheimer becomes 
leading proponent of Gestalt 1927 


psychology. 


Signing of the Geneva Protocol 
for the Prohibition of the Use in 
War of Asphyxiating, Poisonous 
or Other Gases. 


Tennessee passes the Butler Act, 
banning the teaching of evolution 
in schools. 


Trial of John Scopes, arrested for 
teaching evolution in school, 
attracts wide media attention and 
national debate. 


Werner Heisenberg develops 
matrix mechanics, a version of 
what becomes known as quantum 
mechanics. 


British vessel Discovery begins 
oceanographic expedition to 
Antarctic waters. 


Arthur Eddington publishes The 
Internal Constitution of Stars. 


Scientists from former Central 
Powers are permitted to join the 
International Research Council. 


Paul Kammerer shoots himself 
shortly after being denounced as a 


fraud. 


Robert H. Goddard launches the 
first successful liquid-fueled 
rocket. 


Erwin Schrédinger develops wave 
mechanics. 


Science fiction magazine Amazing 
Stories is founded. 


Georges Lemaitre proposes 
theory of universe’s origins, later 
called “Big Bang.” 


Werner Heisenberg announces his 
uncertainty principle. 


Niels Bohr’s complementarity 
principle asserts the dual nature of 
matter and sets the foundation of 
the “Copenhagen interpretation” 
of quantum mechanics. 


Clinton Davisson provides 
experimental evidence for wave 
mechanics. 


1928 


1929 


United States Supreme Court 
upholds eugenics practice of 
involuntary sterilization for 
the greater good of society. 


Alexander Fleming discovers 1930 


penicillin. 


Subrahmanyan Chandrasekhar 
identifies a mass limit for 
stars, beyond which they will 


not evolve into white dwarfs. 


In his Materials for the Study of 
Inheritance in Man, Franz Boas 
emphasizes the role of the 
environment in inheritance 
and development, rather than 
inherent racial determinism. 
1931 
John von Neumann provides a 
proof of his minimax theorem, 
the cornerstone idea of what 
becomes known as game 


theory. 


George Gamow explains the 

release of alpha particles in 

radioactivity by quantum 

“tunneling.” 1932 


Margaret Mead publishes 
Coming of Age in Samoa, 
observing that many behaviors 
are culturally rather than 
biologically determined. 


Chandrasekhara Raman 
discovers a change in 
wavelength in scattered light, 
soon known as the “Raman 
effect.” 


Crash of the New York Stock 
Exchange catalyzes worldwide 
economic depression. 
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Astronomer Edwin Hubble 
interprets the red shift in stellar 
spectra as an indication that the 
universe is expanding. 


At the Cavendish Laboratory, 
Ernest Walton and John 
Cockcroft build a linear particle 
accelerator. 


Kurt Godel announces his 
“incompleteness” theorem to 
fellow mathematicians in 
Germany. 


Amateur astronomer Clyde 
Tombaugh discovers the planet 
Pluto. 


Japan occupies Manchuria. 


First analog computer, based 
on Vannevar Bush’s 1927 
design for a differential 
analyzer, is built. 


Harold Urey identifies a heavy 
isotope of hydrogen, deuterium. 


Annus mirabilis in physics. 


James Chadwick discovers the 
neutron at the Cavendish 
Laboratory. 


Jan Oort postulates the 
existence of “dark matter,” 
making up a large proportion of 
the universe’s mass. 


Ernest Walton and John 
Cockcroft use their particle 
accelerator to create the first 
disintegration (decay) of a 
nonradioactive element through 
artificial means. 
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1932 
(cont.) 


1933 


1934 


Chronology 


Ernest Lawrence improves on 1935 
previous linear particle 

accelerators by developing the 

cyclotron, in which charged 

particles are accelerated in a spiral. 


Second International Polar Year 


begins. 


J. B. S. Haldane’s The Causes of 
Evolution demonstrates possible 
accelerated paces in natural 
selection. 


United States Public Health 
Service begins syphilis experiment 
on 400 unwitting African 
American men in Alabama. 


Karl Jansky discovers the 
principles of radio astronomy. 


Aldous Huxley’s Brave New World 
depicts a future society dependent 
on drugs and social engineering. 


Adolf Hitler’s rise to power in 

Germany begins a wave of 1936 
emigration of Jewish scientists out 

of continental Europe, destined 

for countries such as Britain, the 

United States, and the Soviet 

Union. 


Leo Szilard helps to establish in 
Britain the Academic Assistance 
Council, to find the means to 
bring Jewish intellectuals out of 
Germany. 


Academy of Sciences of the USSR 
moves from Leningrad to 
Moscow, affirming its subordinate 
status to the state. 


Frédéric Joliot and Irène Joliot- 
Curie discover artificial 
radioactivity. 


Nuremberg Laws forbidding racial 
intermarriage are instituted in 
Nazi Germany. 


Hideki Yukawa predicts the 
existence of “mesons” in the 
atomic nucleus. 


Pavel Cherenkov notes a bluish 
light from charged particles 
passing through a medium, soon 
called Cherenkov radiation. 


Arthur Tansley introduces the 
term ecosystem to describe the 
interdependent exchange of 
energy and matter. 


Karl Popper proposes the 
importance of “falsifiability” of 
scientific theories in Logik der 
Forschung. 


Charles F. Richter develops the 
“Richter scale” to measure the 
magnitude of earthquakes. 


Japanese scientist Shiro Ishii’s 
biological warfare unit, later 
called Unit 731, is formed in 
Manchuria, and it experiments on 
humans. 


Alan Turing develops theoretical 
machine using a “tape” with 
sequential calculations on it, 
providing a conceptual 
foundation in the development 
of computers. 


Carl Cori and Gerty Cori study 
the conversion of the starch 
glycogen into glucose. 


Egas Moniz announces results in 
alleviating depression and anxiety 
through radical brain surgery 


using his “leukotome” device. 


1937 


Aleksandr Oparin formulates 
theory of the origin of life as a 


biochemical process. 


Jean Piaget begins to publish 

theories about the evolution of 1938 
intelligence and the construction 

of reality in children. 


British scientists at Bawsey Manor 
develop first airplane detection 
system based on radar. 


Italian Emilio Segrè and C. 
Perrier believe (incorrectly) that 
they have created an artificial 
element in the laboratory. 


Carl Anderson and Seth 
Neddermeyer discover subatomic 
particles (later called muons) in 
cosmic rays. 


Hans Krebs develops the 
metabolic cycle later named for 


him. 


U.S. government funds the 
National Cancer Institute. 
1939 
Tia Frank and Igor Tamm 
provide the theoretical 
interpretation of Cherenkov 
radiation as an effect of charged 
particles surpassing light’s speed 
in the same medium. 


Theodosisu Dobzhansky observes 
in Genetics and the Origin of Species 
that the vast array of genes in 
human beings can explain 
environmental adaptation. 


South African Alexander du Toit 
lends support to the controversial 
theory of continental drift with 
his book Our Wandering Continents. 
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Valerii Chkalov is first to fly over 
the North Pole, piloting his plane 
from Moscow to Washington 
state. 


Otto Hahn and Fritz Strassman 
discover nuclear fission in 


German laboratory. 


Johannes Holtfreter demonstrates 
mechanistic aspects of embryonic 
growth, diminishing the 
importance of the “organizer” 


and of living tissue. 


Ugo Cerletti and Lucio Bini 
experiment on human patients 


with electric shock therapy. 


Orson Welles performs a radio 
production of War of the Worlds, 
mistaken as a true alien invasion 


by some. 


B. F. Skinner discusses his theory 
of operant conditioning in The 
Behavior of Organisms. 


World War II begins in Europe. 


René Dubos isolates tyrothricin, 
soon to be developed 
commercially to combat 


pneumonia. 


Ernst Chain and Howard Florey 
develop techniques to use 
penicillin for therapeutic 
purposes. 


Albert Einstein signs a letter 
drafted by Leo Szilard advising 
President Roosevelt about the 
possibility of developing an 


atomic bomb. 
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1939 
(cont.) 


1940 


1941 


1942 


Chronology 


Lise Meitner and Otto Frisch 
interpret the experiment work of 
Otto Hahn and Fritz Strassman as 
nuclear fission. 


Paul Muller invents DDT. 


First truly artificial element, 1943 
neptunium, identified by Edwin 

McMillan and Philip Abelson at 

Berkeley. 


Led by Henry Tizard, the “Tizard 
Mission” of British scientists 
comes to the United States, 
intending to facilitate cooperation 
in science and technology during 
the war. 


Radar gives advantage to the 
Royal Air Force against the 
German Luftwaffe in the Battle of 
Britain. 


United States enters World War 
Il. 


Glenn T. Seaborg discovers 
Plutonium, an artificial element. 


British MAUD Committee 
reports positively about the 
possibility of building an atomic 
bomb. 


George Beadle and Edward 1944 
Tatum formulate the “one gene, 
one enzyme” hypothesis. 


First fission chain reaction is 
achieved by a team led by Enrico 
Fermi, in a squash court underneath 
the University of Chicago. 


Manhattan Engineer District takes 
over the U.S. atomic bomb 
project (often called the 
“Manhattan Project”). 


Raymond Lindeman 
develops theoretical means 
to study ecological change 
by analyzing trophic 
(nutritional) relationships as 
energy flow. 


Selman A. Waksman 
announces development of 
streptomycin, an antibiotic 
used to fight tuberculosis. 


Victory over Germans at 
Stalingrad convinces Soviet 
Union to pursue atomic 
bomb more vigorously. 


First paper on cybernetics is 


published. 


First visualization of DNA 
achieved through X-ray 
diffraction techniques. 


Josef Mengele arrives at 
Auschwitz death camp and 
begins to conduct 
experiments on inmates. 


Manhattan Project enters 
bomb design phase, and top 
scientists convene in secret 
at Los Alamos, New 
Mexico. 


Niels Bohr meets with 
President Roosevelt and 
with Prime Minister 
Churchill to urge them to 
take steps to avoid a future 
atomic arms race with the 
Soviet Union. 


George Gaylord Simpson’s 
Tempo and Mode in Evolution 
reconciles the findings of 
population genetics with 
the extant fossil record. 


1945 


John von Neumann and Oskar 
Morgenstern connect game 
theory to economic phenomena in 
Theory of Games and Economic 
Behavior. 


Barbara McClintock discovers 1946 
“jumping genes.” 


Oswald Avery, Colin MacLeod, 
and Maclyn McCarty show that 
the crucial role of DNA is 
forming cells and suggest that 
genes are made from DNA. 


First V-2 rocket attack by 
Germany against London, 
England, is launched. 


First successful test of a 
plutonium-based atomic bomb, 
codenamed “Trinity,” in 
Alamogordo, New Mexico, is 
achieved. 


Scientists draft Franck Report, 
which warns of the geopolitical 
repercussions should the United 
States use the atomic bomb 
against Japan. 


Hiroshima and Nagasaki become 
the first two cities to be 
devastated by atomic weapons, as 
a result of attack by the United 
States. 


Vannevar Bush writes Science—the 1947 
Endless Frontier, outlining policies 

for federal patronage of science 

after World War II. 


The Federation of Atomic 
Scientists is formed. 


German atomic scientists are 
arrested, interned, and put under 
surveillance at Farm Hall. 
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U.S. and Soviet occupation 
authorities begin to smuggle 
scientists and technicians out 
of Germany for use in their 
own defense industries. 


Office of Naval Research is 
founded in the United 
States, funneling money into 
basic research in several 


disciplines. 


Unexplained sightings of 
“ghost rockets” confuse 
Scandinavians. 


Scientists in the United 
States help defeat May- 
Johnson Bill, which would 
have put atomic energy into 


the military’s hands. 


Baruch Plan is proposed at 
the United Nations as a 
means of establishing 
international control of 
atomic energy. 


Manhattan Project scientists 
conduct plutonium injection 
experiments on unwitting 
human subjects. 


Walter Freeman develops 
the transorbital lobotomy 
procedure. 


Atomic Energy Commission 
takes over atomic affairs in 


the United States. 


John Bardeen and Walter 
Brattain invent the 
transistor. 


Swedish Deep-Sea 
Expedition begins, using 
latest coring apparatus. 
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1948 


Chronology 


Largest radio telescope, 
218-foot parabolic reflector, 
is built at Jodrell Bank 
Observatory. 


200-inch-lens telescope is 
completed at Palomar 
Observatory. 


United States conducts Operation 
. 1949 

Sandstone, to test atomic bombs 

and their effects on U.S. soldiers 


conducting military operations. 


Hermann Bondi, Thomas Gold, 
and Fred Hoyle propose their 
steady-state cosmological theory. 


Willard Libby develops carbon 
dating, based on measuring the 
presence of radioactive isotopes of 
carbon in organic material. 


Trofim Lysenko succeeds in 
banning genetics from the Soviet 
scientific community, on the 
grounds that it is incompatible 
with the Soviet worldview. 


George Gamow and Ralph Alpher 
publish the famous Alpher-Bethe- 
Gamow article (with Hans 
Bethe), detailing the creation of 
light elements in the first few 
moments after the Big Bang. 


The Kaiser Wilhelm Society is 1950 
renamed the Max Planck Society. 


Louis Leakey and Mary Leakey 
discover fossil remains of hominid 
named Proconsul africanus. 


National Bureau of Standards 
director Edward Condon defends 
his loyalty before the House 


Committee on Un-American 
Activities. 


B. F. Skinner publishes his utopia, 
Walden Two, illustrating the 
potential of a planned society 
based on the principles of 
behavioral psychology. 


Soviet Union tests its first atomic 


bomb. 


President Harry Truman 
announces his desire to use 
science and technology for the 
good of developing countries and 
proposes technical assistance 
programs, later called “Point 
Four” programs. 


Conservationist Aldo Leopold’s A 
Sand County Almanac is published 
posthumously. 


University of California institutes 
loyalty oath for its employees, 
making rejection of communism a 
condition of employment and 
sparking debate about academic 
freedom. 


National Institute of Mental 
Health is established in United 
States. 


Korean War begins. 


Fred Hoyle derisively refers to 
Georges Lemaitre’s 1927 theory 
as “big bang,” and the name sticks. 


German physicist Klaus Fuchs, 
part of the British team in the 
Manhattan Project, is revealed as 
a Soviet spy. 


President Harry Truman 
announces his decision to proceed 
with the development of the 
hydrogen bomb, or “super bomb,” 
with yields thousands of times 
more powerful than the bombs 
dropped on Hiroshima and 
Nagasaki. 


State Department committee led 
by Lloyd Berkner urges effort by 
the United States to keep ahead 
in science and technology in 
order to ensure its national 
security. 


Chronology 365 


National Science Foundation is 
founded in the United States, 
providing a major civilian- 
operated source of federal funding 
for scientific research. 


Scripps Institution of 
Oceanography launches first major 
U.S. postwar deep-sea expedition 
across the Pacific Ocean. 


Jan Oort proposes the existence 
of a reservoir of debris from 
which comets are formed, later 


called the “Oort Cloud.” 
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